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ABSTRACT 

 

The work described in this thesis is mainly concerned about the investigation of novel 

methods for the synthesis, metallation, formylation and dimerization of porphyrins and 

metalloporphyrins. Porphyrins were linked together through 1,3-butadiyne conjugating bridge 

attached to the β-pyrrolic positions of the porphyrins. Three different meso-tetraarylporphyrins 

namely 5,10,15,20-tetraphenylporphyrin (TPP), 5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrin 

(TIPP) and 5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin (TDTBPP) were selected as 

our working molecules. They were synthesized over the acid silica gel utilizing microwave 

energy. Synthesis of meso-tetraarylporphyrins over the acidic silica gel resulted in improve yields 

whereas the same silica gel was also utilized for the solid phase synthesis of metalloporphyrins. 

The overall process for the synthesis and metallation of porphyrins is a facile and environment 

friendly method as no corrosive solvents are required. Solid phase Duff formylation over acidic 

silica gel was used for the first time to introduce the formyl group at the beta positions of meso-

tetraaryl metalloporphyrins. The transformation of formyl group into the ethynyl group was 

investigated by Grignard, halo-Wittig and Zirconocene promoted methods. Halo-Wittig and 

Zirconocene promoted methods afforded good yields of beta ethynyl metalloporphyrins and also 

being one-pot procedures. Halo-Wittig reaction methodology was successful only at the dry ice 

temperature as at the room temperature it always resulted in the total deformylation of starting 

formyl metalloporphyrins. On the other hand, Zirconocene-promoted methodology offered no 

deformylation problems. Zirconocene promoted method offers another advantage that it doesn’t 

need dry ice temperature and all reaction steps complete at the room temperature. Glaser-Hay 

conditions were used for the dimerization of beta ethynyl metalloporphyrins. Demetallation of 

metalloporphyrin dimers to afford free base porphyrin dimers was achieved under the acidic 

conditions. The electrochemical and electronic spectra of porphyrins/bisporphyrins revealed that 

only minor electronic interaction is present between the linked porphyrins even though they are 

linked through a cylindrical 1,4-butadiyne linker, offering conjugation in all planes. The 

preliminary study of our synthesized porphyrins/metalloporphyrins has revealed that these 

molecules have a large potential for their use as humidity, temperature and light sensors. 
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Abbreviations 

TPP   5,10,15,20-tetraphenylporphyrin 

CuTPP   5,10,15,20-tetraphenylporphyrinatcopper(ІІ) 

NiTPP   5,10,15,20-tetraphenylporphyrinatonickel(ІІ) 

ZnTPP   5,10,15,20-tetraphenylporphyrinatonickel(ІІ) 

CuTPPCHO  2-formyl-5,10,15,20-tetraphenylporphyrinatocopper (ІІ) 

NiTPPCHO  2-formyl-5,10,15,20-tetralphenylporphyrinatonickel(ІІ) 

NiTPPCH=CH2 2-ethenyl-5,10,15,20-tetralphenylporphyrinatonickel(ІІ) 

TIPP   5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrin 

CuTIPP  5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrinatocopper(ІІ) 

NiTIPP  5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrinatonickel(ІІ) 

ZnTIPP  5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrinatozinc(ІІ) 

NiTIPPCHO  2-formyl-5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrinato- 

nickel(ІІ) 

CuTIPPCHO  2-formyl-5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrinato- 

copper(ΙΙ) 

NiTIPPC≡CH  2-ethynyl-5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrinato- 

nickel(ІІ) 

CuTIPPC≡CH  2-ethynyl-5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrinato- 

copper(ІІ) 

Ni2TIPP  1,4-bis[5΄,10΄,15΄,20΄-tetrakis(4˝-isopropylphenyl)porphyrinato- 

nickel(ІІ)-2΄-yl]-1,3-butadiyne 

Cu2TIPP  1,4-bis[5΄,10΄,15΄,20΄-tetrakis(4˝-isopropylphenyl)porphyrinato- 

copper(ІІ)-2΄-yl]-1,3-butadiyne 

H4TIPP 1,4-bis[5΄,10΄,15΄,20΄-tetrakis(4˝-isopropylphenyl)porphyrin-2΄-yl]-1,3-

butadiyne 

TDTBPP  5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin 

NiTDTBPP  5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatonickel(ІІ) 

CuTDTBPP  5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatocopper(ІІ) 

ZnTDTBPP  5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatozinc(ІІ) 

NiTDTBPPCHO 2-formyl-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin- 

atonickel(ІІ) 

CuTDTBPPCHO 2-formyl-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin- 

atocopper(ΙΙ) 
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NiTDTBPPC≡CH 2-ethynyl-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin- 

atocopper(ІІ) 

CuTDTBPPC≡CH 2-ethynyl-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin- 

atocopper(ІІ) 

Ni2TDTBPP  1,4-bis[5΄,10΄,15΄,20΄-tetrakis(3˝,5˝-di-ter-tbutylphenyl)porphyrin- 

atonickel(ІІ)-2΄-yl]-1,3-butadiyne 

Cu2TDTBPP  1,4-bis[5΄,10΄,15΄,20΄-tetrakis(3˝,5˝-di-ter-tbutylphenyl)porphyrin- 

atocopper(ІІ)-2΄-yl]-1,3-butadiyne 

H4TDTBPP  1,4-bis[5΄,10΄,15΄,20΄-tetrakis(3˝,5˝-di-ter-tbutylphenyl)porphyrin 

-2΄-yl]-1,3-butadiyne 

THF   Tetrahydrofuran 

NMFA   N,N
΄-di-methylformanilide 
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Chapter 1 

1.1 Introduction 

The porphyrins are highly colored heterocyclic compounds that are involved in many 

biologically important redox reactions in addition to electron transfer processes.1-4 These highly 

colored tetrapyrrolic pigments which play such a diverse and critical role in nature that they are 

often termed as pigments of life. There has been a great deal of interest in the structure, function 

and mechanistic studies of the biological systems that contain the porphyrin macrocycle. The 

porphyrin chemistry has developed in a remarkable way over the past many years. There can be a 

few other research areas, which possess such a rich, eventful and historic literature, and yet 

continue to produce the important and exciting revelations in the current journals.  

The word porphyrin is derived from the old Greek word porphura, which is used for the 

purple and scarlet colours. Indeed all naturally occurring and synthetic porphyrins are deeply 

colored substances. Porphyrins can be defined as “a class of heterocyclic compound with a cyclic 

tetrapyrrolic structure in which four pyrrole molecules are joined together through their α carbon 

atoms by four methine bridges”.  

The term porphine (1) was first introduced by Hans Fischer in 1926 to describe the 

unsubstituted tetrapyrrolic structure (1) whereas the term porphyrin (2) was used for the 

substituted tetrapyrrolic structure (2). 
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        Porphine (1)      Porphyrin (2) 

 

Porphyrins differ in groups which are substituted on the pyrrole rings as well as the 

central atom which complex the molecule. Porphyrins are widely distributed throughout the plant 

and animal kingdom. Usually porphyrin itself does not occur in the nature but as several 

metalloporphyrins such as chlorophyll, vitamin B12 and as heme. 
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1.2 Natural Porphyrins 

Naturally occurring porphyrins are synthesized by living organisms. Among the best 

known natural structures utilizing porphyrin skeletons are vitamin B12 (3), chlorophyll (4), 

uroporphyrins (5), coproporphyrins (6) and heme (7).  
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Heme (7); M=Fe 

Protoporphyrin IХ (7a); M=2H 

 

Vitamin B12 (3) is vital for the normal functioning of brain, nervous system and for the 

formation of blood. Vitamin B12 (3) is known to have a contracted porphyrin framework known 

as corrin. The central metal ion is cobalt. Four of the six coordination sites are provided by the 

corrin ring and the fifth by a dimethylbenzimidazole group. The sixth coordination site, the 

center of reactivity is variable, being a cyano group (-CN), a hydroxyl group (-OH), a methyl 

group (-CH3) or a 5'-deoxyadenosyl group. 

In nature, a large variety of chlorophylls exist but chlorophyll a (4a) and chlorophyll b 

(4b) are the most abundant chlorophylls which usually co-occur in the ratio of 3:1. Chlorophyll is 

one of the most spread structures utilizing a porphyrin skeleton. This structure is present in all 

green plants. Photosynthetic pigments of the plants are basically reduced magnesium complexes 

of porphyrins called chlorins. The main purpose of this magnesium complex is the absorption of 

solar radiations in both ultraviolet (~400 nm) and in the visible regions (~675 nm) of 
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electromagnetic spectrum. The porphyrin macrocycle of chlorophyll remain embedded in the 

protein matrix with the help of its substituents which also help to tune its light absorption 

properties. The complexed Mg(ΙΙ) atom also helps to regulate the light absorption properties of 

the chromophore in addition to binding of water molecule which is the source of electrons.  

The copper complex of uroporphyrin ІІІ (5) is found in quite high concentrations in the 

wing feathers of Turacus indicus,5 which is the source of most commercial samples of 

uroporphyrin ІІІ (5). 

An abundant source of porphyrins is available through degradation of protoheme and 

chlorophyll. Chlorophyll degradation products are often found as nickel or vanadium complexes 

in oil shale, crude petroleum oils, bituminous sands and asphaltic materials.6,7 Crude heavy oil 

usually contains vanadium and nickel complexes of porphyrins, also called petroporphyrins. 

Petroporphyrins accumulate in the higher boiling fractions. Petroporphyrins are problems for 

refineries as vanadium block the active sites of catalysts used for cracking.8-10 Tribes for the first 

time linked the petroporphyrins with the biological origin of crude oil.11 Petroporphyrins are used 

to check the maturity levels of crude oils as heavy young oils contain a higher amount of vanadyl 

and nickel porphyrins than more mature light crude oils.8,12 Deoxophylloerythroetioporphyrin 

(DPEP) and etioporphyrin form vanadyl and nickel complexes and are used as oil maturity 

indicators. A higher amount of the DPEP or cycloalkanoporphyrins (CAPs) indicates a more 

mature crude oil.13, 14 

Some metal free porphyrins are found in the natural materials. e.g., protoporphyrin ІХ 

(7a) occurs in high concentrations in the root nodules of leguminous plants.15 Harderian glands of 

many rodents as well as shells of molluscs16 are also another source of naturally occurring metal 

free porphyrins. 

Heme, iron-containing tetrapyrrole, is vital for life. It is utilized by all host proteins 

involved in numerous cellular processes such as oxygen transport (hemoglobin), respiration 

(cytochrome oxidase), vascular homeostasis, detoxification (cytochrome P450) and cell death 

(cytochrome c). Heme is a ferroprotoporphyrin complex utilizing porphyrin skeleton. The 

substituents of heme can be arranged by fifteenth modality, but only one of these isomers, called 

protoporphyrin IX (7a), is present in living systems. It is the prosthetic group of hemoglobin, 

myoglobin, cytochromes, catalases and peroxidases. Hemoglobin and myoglobin are involved in 

the transport and storage of oxygen and cytochromes are involved in biological oxidations and 

reductions. Similarly catalases and peroxidases function as electron shuttles. All these biological 

functions of heme are ensured by its metallocomplex with iron. 
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In addition to the naturally occurring porphyrins, many porphyrins have been prepared in 

the laboratories called synthetic porphyrins. Many different types of porphyrin have been 

reported and the next section outlines some of the most commonly encountered synthetic 

porphyrins. 

 

1.3 Synthetic Porphyrins 

Porphyrins and other related macromolecules are of primary importance to all living 

beings on our planet. Life as we know would cease to exist without biological processes such as 

photosynthesis and respiration. Porphyrins are the keys components in these processes of life. In 

order to gain the detail mechanistic knowledge of phorphyrinoid role models supplied by the 

Nature, it is essential to create simpler synthetic models that can be more easily studied. 

Although research is on the brink of fully appreciating the principles of photosynthesis and 

respiration, yet it is not possible for mankind to fully copy these systems. In order to pretend such 

biological processes, simple synthetic porphyrins have to be designed and synthesized in addition 

to the development of new synthetic tools. Such simple porphyrin molecules might offer the 

insights needed to understand the biological processes that are presently too complex for our 

scientific tools.17 Because of these reasons scientific community has great deal of interest in the 

field of synthetic porphyrin chemistry. For many decades, two main types of synthetic porphyrins 

were utilized by synthetic chemists namely 5,10,15,20-tetraarylporphyrins (TAPs) and 

2,3,7,8,12,13,17,18-octaalkylporphyrins (OAPs). Some examples of TAPs are listed below. 

• 5,10,15,20-tetraphenylporphyrin (TPP) (8) 

• 5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrin (TIPP) (9); and 

• 5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin (TDTBPP) (10) 

 

N

NH N

HNN

NH N

HN

 

  TPP (8)         TIPP (9) 
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HN

 

       (TDTBPP) (10) 

 

In order to explore the role of porphyrins in photosynthesis and respiration, a variety of 

porphyrins and related macrocycles has been synthesized and studied. The major impetus for 

such work has been the understanding of the multichromophore arrays involved in the 

photosynthetic reaction centers and light-harvesting apparatus. Because of the ease of their 

preparation, tetraarylporphyrins (TAPs) have been widely used as models for the naturally 

occurring porphyrins.18 

Understanding the complex formation of porphyrins with various metals has long been 

important in biochemistry because of their central role in photosynthesis, biological redox 

processes, and oxygen transport.19-21 Depending on their size, charge and spin multiplicity, metal 

ions can fit into the central hole of the porphyrin ring, forming regular metalloporphyrins, or 

several of them are located out of the porphyrin plane, resulting in sitting-atop (SAT) complexes. 

Dehghani et al.22 have reported the synthesis and characterization of sitting-atop complexes of 

TPP (8), TIPP (9) and various other substituted meso-tetraarylporphyrins (TAPs).  

Balch et al.23 prepared the axial iron acetylide complexes of TPP (11) and used them as 

cytochrome P450 models to investigate the role of porphyrin macrocycle in cytochrome P450. 

N

N N

N

Fe

R

 

Axial acetylide complex of TPP (11) 
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Although a variety of TAPs have been synthesized, however the big disadvantage of 

TAPs is the absence of any vacant meso position. The meso positions of porphyrins have high 

electron density and hence the electronic communication through the meso positions occurs more 

efficiently.24-26 The substitution reactions occur generally more easily at the meso positions if 

both β and meso positions are available.27 From the synthetic point of view, the functionalization 

of TAPs has been challenging, as substitution occur randomly at any of the vacant β-position.28  

 

N

NH N

HN

 

OEP (12) 

 

In order to overcome the problems associated with the TAPs, 2,3,7,8,12,13,17,18-

octaalkylporphyrins (OAPs) were developed. In contrast to TAPs, OAPs have four vacant 

electron rich meso positions available for electronic communication. The eight β positions of 

octaalkylporphyrins are blocked by alkyl groups. Steric hindrance due to eight alkyl groups was 

often observed during the functionalization of OAPs.29 Inhoffen et al.
30 widely applied OEP (12) 

as a powerful compound for the naturally occurring porphyrins. One of the major reasons for the 

use of octaethylporphyrin as a model compound is its symmetry. Because of the fast proton 

exchange between the four nitrogen atoms, on 1HNMR time scale the parent porphyrin shows 

four fold symmetry and only one signal is observed. This four fold symmetry of 

octaethylporphyrin is often reduced by chemical modification, many derivatives retain two fold 

symmetry. Moreover it is simple and does not have any reactive groups and side chains 

(hydroxyl, vinyl, carboxylate etc.) like other naturally occurring porphyrins. The free meso 

positions can also be functionalized with various groups. 

 

1.4 Nomenclature 

Porphyrins are heterocyclic macrocycles consisting of carbon, hydrogen, nitrogen and 

possibly a chelated metal atom. They are planer aromatic molecules consisting of four pyrrole 

molecules linked through (=CH-) carbon bridges, resulting in a cyclic structure (1). Two different 
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types of systems are currently in use to indicate the position of substituent groups over the 

porphyrin periphery, Fischer system and the IUPAC system. 

In Fischer or classical system of nomenclature, the peripheral positions are numbered 

from 1 to 8 and the interpyrrolic methine positions usually termed “meso” are designed as α, β, γ 

and δ. The four rings are usually lettered A, B, C, and D (Figure 1), though Roman numerals 

were preferred in some earlier texts. 

 

N NH

NH N

α

βδ

γ

A B

CD

1

2 3

4

5

67

8

 

Figure 1: Showing numbering by Fischer method 

 

In 1968, IUPAC Commission on the Nomenclature of Organic Chemistry (CNOC) and 

the IUPAC-IUB Commission on Biochemical Nomenclature (CBN) set up a joint sub-

commission to examine and to make recommendations on the nomenclature of tetrapyrroles 

(porphyrins and related compounds). According to this system, the four methine positions are 

conveniently numbered as 5, 10, 15, 20 and eight remaining peripheral carbon atoms are 

numbered as 2,3,7,8,12,13,17 and 18. The nitrogen atoms are numbered 21 through 24 as shown 

below (Figure 2).  

 

N NH
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Figure 2: Showing numbering with IUPAC method 

 

In order to simplify IUPAC numbering system, carbon 1,4,6,9,11,14,16 and 19 are called 

α carbons and carbon 2,3,7,8,12,13,17 and 18 are called β carbons whereas carbon 5,10,15 and 

20 are called meso carbons.31 
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1.5 Structure of Porphyrins 

As has been shown in the previous sections, porphyrins have a cyclic tetrapyrrolic 

structure (1). This cyclic tetrapyrrolic structure of porphyrins was first suggested by Kuster in 

1912.32 At that time it was thought that such a large ring would be unstable and this tetrapyrrolic 

structure was not accepted by Fischer, the father of contemporary porphyrin chemistry, until 

much later. However, Fischer did have a hand in the final proof, which was provided by his total 

synthesis of protoheme.33 

As disclosed in the previous sections, the parent heterocyclic ring (porphine) possesses 

eight peripheral or beta hydrogen and four interpyrrolic or meso hydrogen atoms. Owing to very 

low solubility in almost all common solvents, porphine has only been sparingly used in chemical 

studies. Introduction of appropriate functional groups onto the porphine ring can lead to the 

synthesis of porphyrin (2) which in majority of cases does not have solubility problems. Such 

derivatives are not only more soluble but also resemble the naturally occurring compound more 

closely. 

The X-ray diffraction analyses made by Webb and Fleischer34 indicate that the porphyrin 

molecule is planar possessing good C2h symmetry with respect to bond distances and angles and 

approximate D2h symmetry overall. According to their research, the two hydrogen atoms were 

thought to be localized on two nitrogen atoms. 

 

1.6 Aromaticity of Porphyrins 

The tetrapyrrolic cyclic core of porphyrin is highly conjugated and hence a number of 

resonance contributing structures can be written for its single molecule. A single molecule of 

porphyrin contains 22π electrons but only 18 of these are involved in any conjugated pathways 

(Figure 3) conforming to the Hackle’s rule of aromaticity in having (4n+2)π electrons in the 

planar cyclic conjugated array. Porphyrins are fully aromatic as their aromatic characters have 

been confirmed by their heat of combustion35 as well as the large anisotropic shifts observed in 

their 1HNMR spectra36. X-ray crystallographic data of porphyrins indicate lack of bond length 

alternation which is another proof in the favour of aromatic nature of porphyrins.37 In particular, 

porphyrins show powerful diatropic ring currents by 1HNMR spectroscopy and this property 

leads to the external methine or meso protons being shifted downfield to approximately 10 ppm 

while the internal -NH protons resonate up field near -4 ppm.38 The origin of aromaticity in the 

porphyrins is often attributed due to the presence of 18π electron delocalization pathway 

(indicated in bold in Figure 3). 
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Figure 3: Conjugation pathway in porphyrin core 

 

1.6.1 Delocalization Pathways in Porphyrins 

Fleischer39 has suggested that the π-electron delocalization pathway occurs along the 

inner 16-atom core of the porphyrin skeleton (Figure 4). 

 

N

N

N

N

2H
+

 

Figure 4: π-electron delocalization pathway involving 16-atom of porphyrin core 

 

This inner ring can be imagined as a dianion (hence 18π electrons) with bonds to either 

two protons or to a metal ion.40 This proposal is consistent with the X-ray crystallographic data 

that the four “pyrrole rings” are essentially equivalent with the     Cβ-Cβ linkages as almost pure 

double bonds. The two central hydrogen atoms are not fixed or localized to specific nitrogen 

atoms. Support to this proposal lies in the theoretical calculations made by Gouterman.24, 41 The 

inner hydrogen migration in the free base porphyrin is also supported by the results of a 

comprehensive study utilizing density functional theory.42 

On the other hand, the more traditional view of the porphyrin macrocycle features an 18π 

electron delocalization pathway with the occurrence of additional tautomeric forms depending on 

the relative positions of the hydrogen atoms to the nitrogen atoms. This traditional 18 atom 

delocalization pathway has also been confirmed by X-ray studies,43,44 showing two central 

hydrogen atoms bonded to two opposite nitrogen atoms (N-H bond length ca. 0.86 A°) and also 

opposite pyrrole rings differing structurally from the remaining two pyrrole rings. A further piece 

of evidence for the second proposal comes from the variable temperature 1HNMR studies of 

meso-tetraphenylporphyrin (8). According to this study two distinct types of β-pyrrolic protons 

were observed at -80 °C. As the temperature is raised, the two signals broaden and coalesce into 
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one sharp peak. This is consistent with hydrogen transfer which is fast on the 1HNMR time scale 

at room temperature but is frozen at low temperatures. The signals for these two protons 

coalesced to a singlet at 30 °C.45  X-ray crystal study of meso-tetrakis[4-(pentyloxy)phenyl] 

porphyrin showed that this porphyrin has two localized imino hydrogen atoms on opposite rings 

that differ structurally from the other two pyrrole rings.46 The distance between the two imino 

protons was found to be 2.435 A°. The imino H atoms cannot occupy adjacent pyrrole rings due 

to steric and electronic interactions which would increase the potential energy of this 

configuration. Also X-ray photoelectron spectroscopy has shown that two kinds of nitrogen 

atoms are present in TPP (8).47 Both major tautomeric forms have delocalization pathways with 

opposite N-H as shown in Figure 5. 

1HNMR spectroscopy demonstrates that free base porphyrins exist as two rapidly 

interconverting tautomers (Figure 5).45,48 These two tautomers may not be present in equal 

proportions when substituents are present.49 1HNMR49 and X-ray crystallography50 also support 

the 18 atom π-electron delocalization path for aromaticity in free base porphyrins. The carbon 

atoms of the porphyrin ring that are not involved in the delocalization of π-electron exhibit 

significant double bond characters51. 
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Figure 5: Delocalized 18π electron pathway with tautomeric equilibrium of porphyrins 

 

It is now generally accepted that the transfer of hydrogen atoms occurs via a two step 

mechanism involving a metastable cis intermediate52 rather than by a synchronous one step 

procedure that had been proposed by some authors.53 

Clezy et al.
54 performed the measurements of proton coupling constant in the CH3-C=CH 

unit of deuteroporphyrin ΙІΙ diethyl ester (13). They have shown that the double bond of this 

system has a significant diminish bond order. This is in accord with the view that the π-electron 

delocalization in the porphyrin macrocycle involves the peripheral atoms of the porphyrin. 
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N

NH N

HN

EtOOC COOEt  

Deuteroporphyrin ΙΙΙ diethyl ester (13) 

 

Schleyer55 has proposed that aromatic properties of the porphyrins are best described as 

22π electron delocalized systems that also utilize the electron pairs of two nitrogen atoms (Figure 6). 

 

N NH

NH N

 

Figure 6: 22π electron delocalized porphyrin system 

 

1.7 Metal Complexation 

A complex has been defined as “a species formed by the association of two or more 

simpler species each capable of independent existence”. When one of the simpler species is a 

metal ion, the resulting entity is called metal complex. A characteristic property of such metal 

complexes is that the metal atom occupies the central position in it. Almost every kind of metal 

atom can serve as a central atom for complex formation although some metal atoms do so more 

readily than the others. For example, atoms of transition series have greater tendency for complex 

formation and the atoms of alkali metals are rarely found to form complexes. 

A characteristic property of porphyrins is the formation of complexes with metal ions to 

give a versatile class of compounds called “metalloporphyrins”. An unusual property of 

porphyrin chelate is its ability to bond the metal ion with four nitrogen atoms which are in turn a 

part of highly delocalized π-electrons system. It is this high degree of mesomerism whereby a 

substitution anywhere in the porphyrin nucleus can relay its electron donating and attracting 

tendency to all the four coordinating nitrogen atoms that makes metalloporphyrins very sensitive 

to the influence of substituents. This dramatic effect of metal chelation on the reactivity of 

porphyrin macrocycle can be used to advantage in many cases. For example, for efficient 
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electrophilic substitution of the ring, metal can be chosen (vide infra) which effectively release 

electron density to the organic porphyrin ligand, while reductions are best carried out on 

metalloporphyrins in which the metal tends to deplete the porphyrin ligand of its electron density 

by way of back bonding.  Magnesium and zinc metalloporphyrins should be ideal compounds for 

the reaction with oxidants and electrophiles because they induce the highest negative charge into 

the porphyrin periphery. These metalloporphyrins are, however so acid labile that they do not 

survive the conditions of the most electrophilic reactions. Under such conditions nickel and 

copper are suitable compromises.56, 57 On the other hand, tin(ІV) metalloporphyrins are ideally 

suited for hydrogenation or nucleophilic substitution of the porphyrin molecules.58 

Metalloporphyrins represent a class of highly important biological compounds that are 

involved in biological reactions of fundamental importance to life. In nature metalloporphyrins 

play the vital duty of food synthesis in the form of different types of chlorophylls. All types of 

chlorophylls utilize Mg+2 based porphyrin macrocycle that account for their light harvesting 

properties. In addition to food synthesis, metalloporphyrins also take part in the storage and 

transportation of oxygen in the form of myoglobins and hemoglobins involving the use of iron 

base metalloporphyrins. Similarly, cytochromes that act as electron shuttles in electron transport 

chains are actually iron based metalloporphyrins. In nature, porphyrins are usually synthesized in 

a metal free form and the metal ions are subsequently inserted by enzyme catalyzed process.59  In 

metalloporphyrins metal center often plays a key role in processes such as electron transfer,20c, 60 

oxidation61 and other chemical transformations that involve association or dissociation of a 

ligand at the metal center.62, 63 

Most of the natural metalloporphyrins are of the regular type, i.e. their metals are located 

within the plane of the porphyrin ligand as a consequence of their fitting size. Their ionic radii 

are in the range of 55-80 pm, corresponding to the sphere in the porphyrin core surrounded by 

four pyrrole rings. The porphyrin macrocycle is a tetradentate ligand having a spatial cavity with 

a maximum diameter of approximately 3.7A°. It has the property to complex almost every kind 

of metal with porphyrin chelate. The porphyrin macrocycle possesses the property to chelate 

monovalent, divalent, trivalent and tetravalent ions. Chelation of a metal ion by a porphyrin 

molecule involves the incorporation of the metal ion into the center of tetrapyrrole nucleus with 

the simultaneous displacement of two protons from the nitrogen atoms of pyrrole rings. With 

divalent ions, porphyrins form tetradentate chelates of inner complex. The positive charge of 

divalent metal ion is compensated by the negative charges of porphyrin molecule produced as a 

result of displacement of two hydrogens so that the resulting metalloporphyrin has no net charge. 

Metalloporphyrins of alkali metals has also been reported in which two alkali metals chelate with 
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one molecule of porphyrin macrocycle; one alkali atom slightly below and the second alkali atom 

above the porphyrin plane. The generalized reaction for the insertion of a divalent metal into a 

porphyrin molecule is given below (Figure 7). 

 

N

NH N

HN

+ M+2

N

N N
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M

or M+2H2P + PM + 2H+2

 

Figure 7: General reaction scheme showing the insertion of a divalent metal ion 

 

Discussions of the mechanism of metal incorporation usually present two alternative64 

namely (i) dissociation and (ii) displacement. 

Dissociation mechanism requires that the porphyrin be transformed to the monoanion or 

dianion before reacting with the metal. 

M+2H2P + HP-1 + H+1 P-2 + H+

 

M+2HP-1 + PM + H+1
 

M+2or P- + PM
 

According to the displacement mechanism, metal-porphyrin complex is formed prior to 

the loss of hydrogen atoms from the nitrogen atoms.\ 

M+2H2P + PM + 2H+H2PM+2

 

Fleischer and Wang65 reported a type of metal-porphyrin complex which seemed to emit 

additional light on the incorporation reaction. This complex possessed the unique property, for 

metalloporphyrins, of being unstable in the presence of water. The authors designated the metal-

porphyrin complex as a “sitting-atop” complex (SAT). They proposed that this complex seem to 

meet the requirements for the metal-porphyrin intermediate in the displacement mechanism for 

the incorporation of metal ion. Depending on the size, charge and spin multiplicity, metal ions 

can either fit into the central hole of the porphyrin ring and thus forming regular 

metalloporphyrins or may sit over the ligand plane resulting in the formation of sitting-atop 

(SAT) complexes. In sitting-atop porphyrin complexes, the metal centers are located out of the 

porphyrin plane and the regular porphyrin plane is distorted. Another type of sitting-atop 

complexes are the intermediate sitting-atop (i-SAT) complexes. In i-SAT complex the metal 
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atom connects to the pyrrolenine nitrogens and the two pyrrolic protons remain on the porphyrin 

(Figure 8). 

 

 

Figure 8: Sitting-atop (i-SAT) model for porphyrin chelate 

 

The existence of a “sitting-atop” (SAT) intermediate which deforms the porphyrin ring 

and enables proton dissociation has been demonstrated. A second metal ion can then be 

incorporated from the axial (distal) side in several steps. The formation of SAT is the slowest and 

the proton dissociation is an Id process66 (i.e., a dissociative interchange reaction; identical with 

Ingold’s SN1 reaction67). 

Dehghani and co-workers22 have reported the reaction of meso-tetraarylporphyrins with 

SnCl4 to give green intermediate sitting-atop (i-SAT) complexes. UV–Vis., 1HNMR and 

13CNMR spectral data was used to demonstrate that the porphyrin core of the intermediate 

sitting-atop complexes are distorted and the two nitrogen atoms of the pyrrolenine groups of the 

porphyrin plane act as electron donors to the tin center of SnCl4.  

Funahashi and co-workers68 have reported that long-lived SAT complexes can be 

spectroscopically observed and characterized when free base porphyrins are treated with 

metal(II) triflates in aqueous acetonitrile.  

However, Tsai et al.
69 working on the same reaction in less basic solvent (chloroform) 

observed that tetra-p-tolylporphyrin form 1:1 mixture of diprotonated free base and metallated 

porphyrin. The 1:1 mixture of metalloporphyrin and dication is a natural consequence of the 

liberation of two equivalent of strong acid per one equivalent of inserted metal ion. This 

suggested that Funahashi et al.
68 might have misinterpreted mixtures of metalloporphyrin and 

diprotonated free base porphyrin as SAT complexes.  

In an attempt to resolve this controversy, Reed and co-workers70 attempted the synthesis 

of SAT intermediate by treating a metalloporphyrin with a strong acid. They were unable to find 

any experimental evidence for a long-lived SAT complex. On the synthetic time scale a fast 
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competition between metalloporphyrin and its demetallated dication was observed even when 

conditions are chosen that might be expected to slow down the process. 

The porphyrin core is an excellent ligand to host a variety of metal ions. As such most 

metallo derivatives involving metals in the periodic table have been prepared and characterized. 

Buchler71 presented the periodic table of the metalloporphyrins (Table 1.1). It included 

complexes of the porphyrins containing 55 different metals. Of these 55, 8 are found in the 

natural metalloporphyrins. These include the elements of Mg, Fe, Co, Mn, V, Ni, Cu and Zn in 

their +2 and/or +3 valence states. 

 

               Table 1.1: The periodic table of metalloporphyrins 

Li  B  

Na Mg  Al Si  

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As 

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb 

Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi 

  Pr Eu Yb  

Th 

 

The stability of the second row divalent metalloporphyrins with respect to metal ion 

displacement by acids is in the order of Ni(II) > Cu(II) > Zn(II). The metal-nitrogen bond 

distances in these metalloporphyrins are 1.96 A° in Ni-N, 1.98 A° in Cu-N and 2.05 A° in Zn-N. 

This suggests that metalloporphyrins with shorter metal-nitrogen bond lengths are more stable 

than metalloporphyrins with longer metal-nitrogen bond distances with respect to demetallation. 

Metalloporphyrins of group 10 are a widely studied group of metalloporphyrins. The d8 

configuration of their +2 oxidation states results in the formation of neutral square planar 

metalloporphyrins.72 Ni(II) is frequently used as a protecting group for the central nitrogens.73 

Metal chelation at the inner periphery of the porphyrins allows considerable control of the redox 

properties of such systems as well. The redox properties of the metalloporphyrins have been 

extensively studied. Metalloporphyrins have normally been used as good electron donors, in 

particular for photo induced electron transfer reactions because the oxidation potentials of 

metalloporphyrins are lower than those of free base porphyrins.74-77 In general, the most stable 
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metal porphyrins are those in which metal ion is in the +2 oxidation state. However the most of 

the transition metalloporphyrins show a variety of oxidation states. Thus Co(II) porphyrin can be 

oxidized to Co(III) or to be reduced to Co(I). Manganese porphyrins show +2, +3 and +4 

oxidation states. It has been shown that Pb(II) porphyrins can be oxidized to Pb(IV), while the 

more stable Sn(IV) can be reduced to Sn(II). 

 

1.8 Physical Properties of Porphyrins 

Structure determination has always been an essential requirement of a researcher in the 

field of organic chemistry. One of the more direct methods of structure determination involves a 

consideration of the physical properties of the compound of unknown structure. There are many 

physical methods for examining the structure and electronic nature of the organic compounds. 

Spectroscopic methods play a fundamental role in the solution of problems in structure 

determination. Some of these spectroscopic methods are of particular use in the analysis of 

porphyrin systems. The most commonly used spectroscopic methods for the structure elucidation 

of porphyrins are briefly discussed below. 

 

1.8.1 UV-Visible Spectroscopy 

Ultraviolet spectroscopy was the very first method of spectroscopic analysis to make an 

impact on organic chemistry. The ultraviolet region of the electromagnetic spectrum comprises 

of radiations with wavelengths from just below 10-7 m up to about 3.5 x 10-7 m. This region 

borders the visible region of the spectrum which stretches on up to about 8 x 10-7 m. UV 

spectroscopy is usually extended into the visible region to study the absorption which give rise to 

the colored compounds. This is not a problem from the practical point of view since both UV and 

visible regions can be measured on a single instrument. When extended into the visible region, 

the technique is more correctly called ultraviolet-visible spectroscopy, although the simple term 

UV- spectroscopy is widely used to cover the both regions. Ultraviolet region below 200 nm can 

not be studied by the conventional UV-spectrophotometer because oxygen in the air also absorbs 

strongly in this region. However if oxygen is expelled out by flushing the instrument with 

nitrogen, the range of the instrument can be extended down to about 150 nm below which 

nitrogen also absorbs strongly. 

All porphyrins are highly colored substances and these colours manifest in their electronic 

absorption spectra. The UV-Visible spectrum of free base porphyrin is of characteristic type with 

the most intense absorption band around 400 nm. This absorption band is called the Soret or B-

band and its exact value depends upon the substitution pattern of the free base porphyrin. It was 
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first discovered by Soret in hemoglobin78 and later in porphyrin by Gamgee.79 The delocalized 

aromatic character of porphyrin, which results from extensive conjugation accounts for the Soret 

band and it stems from the second symmetry allowed transition (S°→S2). The molar extinction 

co-efficient for the Soret band is usually in the range of 150,000-400,000. The extinction value is 

lower in chlorins and metallochlorins. 

Other than the characteristic Soret band around 400 nm, the metal free porphyrin also 

show four less intense satellite absorption peaks between 500 and 700 nm. These less intense 

absorptions are denoted as Q-band. The Q-band is the result of transitions from the ground state 

to the first excited state (S°→S1).
80 Internal conversion from S2 to S1 is rapid so fluorescence is 

only detected from S1.The exact absorption value and the relative intensities of Q-band depend 

upon the substitution pattern of free base porphyrin. Most of the structural informations are 

gained from the Q-band. Visual inspection of the intensity ratio of these absorption peaks enable 

four types of peripheral or methine substituent patterns to be identified. Depending upon the 

intensity of the four bands, the electronic spectra of the porphyrins can be classified as 

1. Etio-type Spectra 

2. Phyllo-type Spectra 

3. Rhodo-type Spectra 

4. Oxo-rhodo-type spectra 

These spectra are shown in Figure 9. 
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Figure 9: Typical UV-Visible spectra (Soret band omitted) of porphyrins in chloroform 

 

The free base porphyrin possesses D2h symmetry due to the presence of two pyrrolic 

protons. Thus the degenerate Q (0,0) is replaced by transitions  polarized along x and y axes i.e., 

Qx(0,0) and Qy(0,0). Both these bands have vibronic overtones Qx(1,0) and Qy(1,0) resulting in 

the formation of four absorption bands in the visible region of the free porphyrins.80 

In the metalloporphyrin, removal of two pyrrolic protons increases its symmetry from D2h 

to D4h and as a result the visible region spectra of metalloporphyrins often consist of two 

absorption bands. The lower energy band Q(0,0) is the result of excitations to the first excited 

energy level and the higher energy band Q(1,0) is the result of vibronic overtone. 

The absorption bands of the porphyrins and metalloporphyrins can be theoretically 

explained by considering the so-called “Gouterman four orbital model”. It was developed by 

Gouterman et al.
24a-c and discussed by Anderson.81 Figure 10 explains the Gouterman four orbital 

model of a typical metalloporphyrin. The two highest occupied orbitals (egx and egy) have almost 

the same energies but because of configurational interaction between a1u→eg and a2u→eg 

transitions, two bands with different intensities and wavelengths are produced. The constructive 
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interference produces an intense short wavelength Soret or B- band while the destructive 

interference leads to a weak long wavelength Q-band. 

 

 

Figure 10: The Gouterman four orbital model24a-c, 25
 

 

1.8.2 Infrared Spectroscopy 

At room temperature, organic molecules are in a constant state of vibration, each bond 

vibrating with its characteristic frequency which in turn depends upon the bond strength and the 

masses of the bonded atoms. The electromagnetic spectrum of the infra red region (4000-625 cm-

1) is particularly useful to an organic chemist. The most prominent peaks in the infra red spectra 

of porphyrins are associated with the vibrations of the porphyrin ring substituents.  Identifications 

of different functional groups over the porphyrin ring can be made easily by the use of infra red 

spectroscopy.82-84 The absorptions that arise from the motion of macrocycle are generally weak 

and are not easily observed. 

The metal free porphyrin shows a weak absorption band at 3320 cm-1 because of the N-H 

stretching vibration. The N-H out of plane deformations give rise to a sharp peak at 740 cm-1.An in 

plane N-H deformation has been assigned to an absorption band at 1110 cm-1. Metal independent 

absorptions around 1360 and 1232 cm-1 can be assigned to the breathing and out of plane 

deformations of the porphyrin ligand. A sharp peak around 840 cm-1 is assigned to the methine C-H 

bend. The C=C, C=N stretching vibration of the porphyrin macrocycle should give rise to a 
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number of absorptions in the 1500-1700 cm-1 range. As expected the N-H bands are absent from 

the spectra of metalloporphyrins.83  

 

1.8.3 Proton Nuclear Magnetic Resonance Spectroscopy 

Nuclear magnetic resonance spectroscopy (1HNMR), as the name implies, is concerned 

with the magnetic properties of certain atomic nuclei. It is one of the most powerful techniques 

for structure determination. The 1HNMR spectra of the porphyrins and metalloporphyrins are 

characteristic, with the position of the protons and other substituents around the porphyrin 

skeleton. The first 1HNMR spectra of the porphyrins were reported by Becker, Bradley85 and by 

Ellis et al.
86 An early survey on a variety of porphyrin structures was carried out by Caughey and 

Koski.87 Based on the extensive synthetic work of Ellis et al.86 and Smith,88  an investigation was 

carried out by Abraham on a number of special aspects of porphyrin behavior, especially the 

effect of substitution, the self aggregation in solution, the isomerism and interaction of 

nucleophiles with the central metal atom of metalloporphyrins.89-96 Some of the most important 

aspects of porphyrin behavior towards 1HNMR spectroscopy are described below. 

1HNMR spectra of porphyrins, their derivatives and metal complexes show dramatic ring 

current which serves as a qualitative criterion for aromatic character.97, 98 This ring current has 

the effect of deshielding on all peripheral substituents and shielding effect on all the substituents 

that are either inside the ring or above and below the plane of the porphyrin ring. Thus the signals 

for the meso protons appear at very low field and the signals for the imino protons appear at 

extremely high field region of the spectra. This in consequence generally renders the 1HNMR 

spectra first order, simplifying interpretation and assignment, and makes proton NMR a very 

sensitive probe of structure modification. In addition, the ring current effects, makes possible 

detailed studies of molecular interactions of porphyrins in solutions. 

The porphyrins tend to aggregate and form specific complexes in solutions.91, 92, 99 These 

complexes are the results of more or less specific interactions with nucleophiles that may be 

present. Two distinct types of complexes have been proposed, one due to an interaction between 

the porphyrin rings in metal free porphyrins in solution and the second to a more specific 

complex between donor groups in the side chain and the metal in a metalloporphyrin.  

The aggregations of porphyrins and metalloporphyrins can involve π-π and/or metal-

ligand interactions. The π-π forces are relatively weak, fairly insensitive to the solvent, and 

generally produce only upfield shifts of the species ligated to the porphyrins. The aggregation 

formation appears to be greater for metalloporphyrins probably because of the enhanced 

association by the slight affinity of the metal for further coordination.100, 101 For example Zn(ІI) 
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porphyrins give rise to very large concentration dependent shifts due to aggregation effects but 

after the addition of pyrrolidine or similar base, the aggregates are immediately dissociated to 

give monomeric spectrum. Abraham et al.
102-104 have calculated the field due to the ring current 

at various positions on the molecule, and derived theoretical values for the position of the 

absorption signals. These were found to be greater than the experimental values by a factor of 

1.5. For calculations, they assumed that the strength of the induced field at a given point was 

proportional to the distance from the center of the various segments of the molecule (Figure 11). 

This explained the observation that for a given change in the ring current the proton shifts 

decreased in the order NH > meso-H > beta-H. 

 

 

Figure 11: Ring current at various positions of porphyrin molecule 

 

Peripheral substituents of the porphyrin ring can have a marked effect on the 1HNMR 

spectrum. Alkyl groups generally shift the meso and imino protons upfield.90 This can be 

explained by a general increase in the shielding. On the other hand, a decrease in the shielding of 

the meso and imino protons is observed when β-alkyl groups are replaced by propionate groups. 

The effect of carbonyl group may be either due to its dipole field or its magnetic anisotropy. 

Steric interferences between the meso alkyl and beta substituents occur, causing loss in symmetry 

and increasing the complexity of the spectrum. 

Substitution at the meso position changes the 1HNMR in three ways: (i) a general 

decrease in the ring current; (ii) the methine proton opposite to the meso substituent is more 

strongly shifted to the higher field than the neighboring methine protons (iii) protons in the 

vicinity of the substituents experience additional shielding effects. A meso substituent has much 

more influence on the ring current than a beta substituent. This is because the ring current cans 

by-pass a beta position, whereas it must involve all four meso substituted positions. An 

alternative explanation in the terms of network theory is that a barrier to conjugation at the meso-
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positions affects the full ring current rather than only one branch of it.89, 101 Protons in the vicinity 

of the meso substituent experience additional shielding effects. These are partly steric in origin 

because these groups are forced out of plane of the macrocycle but magnetic anisotropy of the 

meso substituents appear to play a predominant role with phenyl, formyl and nitro groups (Figure 

12).  

Here the neighboring beta substituents are in the region of positive shielding because of 

the preferred out of plane conformation of the meso substituent. Just the opposite is true for the 

meso-cyanoporphyrins in which the neighboring beta substituents are in a region of strong 

negative shielding.101 

 

  

   

Figure 12: Magnetic anisotropy of meso substituents. (1) Phenyl; (2) Formyl; (3) Nitro and (4) 

Cyano 

 

1.8.4 Mass Spectrometry 

Mass spectrometry is an analytical technique which involves the production of gaseous 

ions from the substance under investigation, their separation according to their mass to charge 

ratio (m/e), and the measurement of relative abundance of these ions. The verification of structure 

of porphyrins and metalloporphyrins has always been a problem since the classical methods 

mostly produce poor results. Electronic absorption and proton nuclear magnetic resonance 

spectroscopy provide useful structural informations but these techniques are unable to provide 

any information about the molecular mass of the substance under the study. Although the 

1HNMR is a versatile tool for structure elucidation but it has the problems of solubility and also 
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relatively large amounts of the materials are required. Also 1HNMR is not useful for the 

characterization of paramagnetic compounds. However, mass spectrometry under these 

circumstances proves to be a useful tool for structural studies of porphyrins and 

metalloporphyrins. Mass spectrometry has become a powerful tool for studies of porphyrins, 

especially with the recent development of soft ionization techniques. In the absence of highly 

labile substituents, the base peak is usually the molecular ion. The porphyrin core undergoes 

virtually no fragmentation under normal electron impact conditions and it acts as inert support for 

the substituents. 

A major problem in the mass spectrometric analysis of porphyrin and metalloporphyrins 

is the metallation of free base porphyrins and demetallation or trans-metallation of 

metalloporphyrins. Different metalloporphyrins have different stabilities and hence in order to 

get precise results the preservation of porphyrin metallation state is vital. Mass spectrometric 

studies of some low molecular weight porphyrins have been carried out by electron ionization 

and chemical ionization methods.105-108 However, these ionization techniques are not widely 

applicable for porphyrin derivatives of high molecular weight. In 1981, Barber et al.
109

 

introduced the fast atom bombardment mass spectrometry (FAB-MS). It has become a widely 

used ionization technique for the investigation of a variety of polar and thermally labile 

porphyrins and metalloporphyrins. Porphyrins have been examined by EI, ESI, FAB and 

MALDI-TOFMS mass spectral methods. Musselman et al.
110 studied the preformed ions of 

porphyrins by the addition of trifluoroacetic acid. Trifluoroacetic acid facilitated the protonation 

of the porphyrins. Demetallation in FAB-MS and redox properties of porphyrins and 

metalloporphyrins were investigated by Naylor and Lamb.111 Castro et al.
112 and Schurz and 

Busch113 mentioned the occurrence of additional ions in the vicinity of the molecular ion by the 

protonation of porphyrins. Castro et al.112 reported the formation of [M – H]+, [M + 2H]+, and [M 

+ 3H]+ in the positive ion FAB spectra of several geo-porphyrins. Schurz and Busch113 

investigated the extent of reduction for a number of porphyrins and metalloporphyrins in several 

different liquid solvents used for FAB. For the structural determination and studies of ion-

molecule reactions in the gas phase, tandem mass spectrometry is considered a powerful method. 

Two studies of doubly charged porphyrins by tandem mass spectrometry were carried out by Van 

Berkel et al.107 and Beato et al.
114 

 

1.9 Porphyrin Functionalization 

The chemical transformation of natural and synthetic porphyrins and/or 

metalloporphyrins has been an important research area of synthetic chemists. Over the years they 
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have developed new and modified old methodologies for the functionalization of porphyrins and 

their derivatives, producing many new compounds that otherwise could only be obtained by total 

synthesis. Through modification of hemin or its biosynthetic precursors, nature produces a wide 

variety of biologically important molecules. Thus, many of the synthetic and modified porphyrins 

have been used as models for natural porphyrin systems. 

Porphyrins are tetrapyrrolic molecules, the electronic properties of which can be tailored 

by the variation of peripheral substitution or by central atom.115 A single porphyrin molecule 

offers twelve peripheral substitution positions; four meso and eight beta positions. As a result 

peripheral substitution reactions of porphyrin with different functional groups are highly 

important reactions. Many different factors such as nature of the metal in the metalloporphyrin, 

stereochemical aspects and electronic parameters control the reactivity of the porphyrins towards 

different reactions. Porphyrin molecule is an electron rich system and hence there is no doubt that 

it undergoes electrophilic substitution reactions. But surprisingly, it also undergoes nucleophilic 

substitution reactions as well as addition and free radical reactions. 

Electrophilic substitution reactions of porphyrins generally take place either at meso or at 

the beta pyrrolic positions. Most electrophilic substitution reactions of porphyrins are carried out 

on metal complexes. Depending upon the reactivity and vigour of the reaction, poly-substitution 

may occur.  Zinc(II), copper(II), magnesium(II) and nickel(II) metalloporphyrins undergo 

electrophilic substitution reactions mainly on the methine positions. Electrophilic metals and 

protonation of the porphyrinic nitrogens deactivate the activity of methine bridges for 

electrophilic substitution reactions. 

Nucleophilic substitution reactions of porphyrins are usually carried over the one electron 

oxidized metalloporphyrins i.e., metalloporphyrin cation radical. The species produced by the 

two electron oxidation of metalloporphyrins (π-dication) are also powerful electrophiles and react 

with a variety of nucleophiles such as nitrite, imidazole, acetate, cyanide and azide to give the 

corresponding substituted porphyrins after catalyzed demetallation. 

In the following section we are giving a brief look for the introduction of different 

functional groups over the porphyrin macrocycle. 

 

1.9.1 Nitration 

Nitration of porphyrins usually occurs at meso positions. Nitration of symmetrical beta 

alkyl metalloporphyrins preferably produce 5,15-dinitro isomers. The yields are usually high and 

the products obtained often crystallize very well. If both meso and beta positions are available 

over the porphyrin or metalloporphyrin macrocycle, nitration occurs exclusively at the meso 
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position rather than at the beta position. Nitration of deuteroporphyrin IX (meso unsubstituted 

3,8-di-unsubstituted porphyrin) occurs at meso (5 or/and 20) positions.116 Nitration of 

porphyrins117, 118 also afforded some mono or di meso-nitrated products. The nitration of 

5,10,15,20-tetraphenylporphyrin (TPP) with N2O4 was directed to the beta position by 

coordination with electronegative metals such as nickel(II) and copper(II). The aryl substituent 

did not prevent attack at the meso position in the magnesium(II) or zinc(II) chelates, underlining 

that the nitration reaction was under electronic rather than steric control.119  

Electrophilic nitration can be achieved with a mixture of nitric acid in acetic acid at 0° 

C.120 Oxidation sensitive chlorins are nitrated with nitronium tetra-fluoroborate in sulfolane.120 

Reaction of π-cation radical of magnesium porphyrin with sodium nitrite also affords meso-

nitroporphyrins in good yields.121 Shine et al.
122 have reported the reactions of zinc tetraphenyl 

porphyrin cation radical perchlorate with a number of nucleophiles such as pyridine, 

triphenylphosphine, triphenylarsine-nitrite ion, thiocyanate ion, water, ammonia, methyl amine 

and di-methyl amine. Nitrite is a good nucleophile in cation radical reactions and a number of 

examples of formation of nitro compounds via such reactions are known.123  

Aratani and Osuka124 prepared meso-nitrated porphyrin in 90% yield from 5,15-diaryl 

Zn(II) porphyrin by using Baldwin’s conditions.125 Siri et al.126 reported the synthesis of coplanar 

β-nitroporphyrins by the reaction of 2,7,8,13-tetraethyl-3,12-dimethylporphyrin nickel(II). 

Reaction of 2,7,8,13-tetraethyl-3,12-dimethylporphyrin nickel(II) in CH2Cl2 with a solution of 

N2O4 in petroleum ether produced the red meso-nitroporphyrin  and green β-nitroporphyrin. 

Nitroporphyrins under go a variety of useful nucleophilic substitution reactions when they 

are simultaneously protected against the deprotonation and are coordinated with electrophilic 

metal such as copper(II) or nickel(II).127 Different functionalities can be introduced to the 

porphyrin periphery by the use of different nucleophiles. 

 

1.9.2 Alkylation 

Introduction of alkyl or aryl group at the periphery of porphyrins is a nucleophilic 

substitution reaction. Nucleophiles such as Grignard and organolithium reagents react readily at 

the meso or beta positions of porphyrins.128 However, majority of such examples require prior 

activation of the porphyrin either by macrocycle distortion or by the introduction of some 

electron withdrawing groups. Another way to activate the porphyrin macrocycle towards 

nucleophilic substitution reaction is its metallation with some high valent metal ion. However, 

there are relatively a few examples of porphyrin SN reactions without prior activation or for the 

use of reactive porphyrin intermediates obtained from such reactions.128b, 128d, 129 Prominent 
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studies include Buchler’s reductive alkylation,130 systematic investigations of reduced porphyrin 

systems such as anion radicals, or mono and dianions prepared by chemical or electrochemical 

methods131, 132 and studies on the isomerization of reduced porphyrin derivatives.133 None of 

these studies resulted in the development of general synthetic strategies amenable to overcome 

the limitations in the current methods for the preparation of asymmetrically meso substituted 

porphyrins. 

Senge group have developed methods based on the reaction of unactivated porphyrins 

with organolithium reagents.134-137 Porphyrins react readily at the meso positions with 

organolithium reagents. The overall reaction is a nucleophilic substitution and proceeds via initial 

reaction of the organic nucleophile with a meso carbon yielding an anionic species, which is 

hydrolyzed to a dihydroporphyrin also called porphodimethen or phlorin. Subsequent oxidation 

with DDQ yields meso substituted porphyrins. This reaction is highly versatile as it is 

accomplished in high, often quantitative, yields with various alkyl or aryl lithium reagents and 

can be performed both with metalloporphyrins and its free base porphyrins. In addition, the 

anionic intermediates obtained from the reaction of LiR with nickel(II) porphyrins can be used in 

situ as nucleophiles for the reaction with alkyl iodides. Thus, introduction of two different 

substituents at the 5- and 15-position of a A2B type porphyrin in a one-pot reaction is possible.137  

Selective functionalization of nitro-meso-tetraphenylporphyrin derivatives using the 

vicarious nucleophilic substitution of hydrogen (VNS) have been reported in the literature.138 

Porphyrins behave as very weak acids and its two -NH groups are capable of losing protons. 

Alkali metal alkoxides allow spectroscopic observation even of the di-anion. Both pKa values for 

these compounds have been estimated to be ca. 16.139 Hence, under the strongly basic conditions 

of the VNS reaction, the porphyrin macrocycle should exist in the anionic form. In 2003, 

Ostrowski et al.
140 reported the vicarious nucleophilic substitution of hydrogen (VNS) involving 

the addition of a carbanion having a leaving group X (X=Cl, Br, OPh, SPh, etc.) at the 

carbanionic center. Subsequent base induced beta elimination of HX and protonation as the final 

step produced the VNS products in 50-89%. This overall reaction resulted to the substitution of 

hydrogen. 

 

1.9.3 Halogenation 

Halogenation of porphyrin is an electrophilic substitution reaction which can take place at 

two types of carbon atoms differing both in position and in reactivity. These include the meso 

carbon atoms (positions 5, 10, 15, and 20 in Figure 2) and the beta carbon atoms (2, 3, 7, 8, 12, 

13, 17, and 18 in Figure 2). Interest in the halogenation of porphyrins has continued for many 
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decades, beginning with the investigations of Hans Fischer in the twenties of the last century. 

Initially, the interest in the halogenation of porphyrins was purely academic but latter on it was 

found that some of the halogenated porphyrins can be used as intermediates in the production of 

multiporphyrin systems as well as these molecules also possess nonlinear optical characteristics. 

Arylmercurials undergo chlorination with the replacement of mercury upon treatment 

with sulfuryl chloride.141 Free radical chlorination of porphyrins with H2O2 and HCl in 

tetrahydrofuran or acetic acid142 is known to lead to meso tetrachlorinated porphyrins. Johnson et 

al.
57 reported that the Vilsmeier formylation of etioporphyrin with a mixture of dimethylforamide 

and phosphorous oxychloride afford meso monochloroporphyrin in 16% yield. 

Brominated porphyrins have wide spread synthetic applications and are used in the cross-

coupling reactions of Heck,143 Sonogashira,144-149 Stille,143, 150-155 Suzuki,144, 148, 149, 155-168 

Takahashi,169 and Negishi.150, 151, 170 By the use of these methods C-C bond as well as carbon-

heteroatom bond can be synthesized.  Nucleophilic substitution reactions of bromoporphyrins can 

be used to replace the bromine with a cyano group171 or with a hydroxyl group.172 Nucleophilic 

substitution reaction of bromoporphyrin can also be utilized for the synthesis of a C-S bond.51  

Bromination of porphine with bromine in chloroform or with N-bromosuccinimide (NBS) 

in carbon tetrachloride produces beta monobrominated porphine.173 The yields and degree of 

substitution depend on the conditions of the process. The use of bromine
 
or the perbromide of 

pyridinium bromide leads to mixtures containing 50% of 5-bromoporphin and 15% of 5,15-

dibromoporphine. The content of 5-bromoporphine can be increased to 71% if N-

bromosuccinimide is used.174 The reaction of porphin with bromine in acetic acid affords 

5,10,15-tribromoporphine in 90% yields. The reaction of 10,20-diphenylporphyrin with two 

equivalents of N-bromosuccinimide in chloroform at 0° C produces 5,15-dibromo-10,20-

diphenylporphyrin with the complete absence of β-brominated porphyrins.150 The bromination of 

β-octaethylporphyrin with bromine in hot acetic acid results in the formation of the meso 

tetrabrominated porphyrin whereas the same reaction does not take place in boiling 

chloroform.173 When phenylselenyl bromide or phenylselenyl tribromide are used as brominating 

agents, mono meso brominated nickel heptaethylporphyrinate is obtained since the ethyl group 

immediately next to the bromine atom is lost during the reaction process.175 Bhyrappa et al.
176 

described the beta bromination of 5,10,15,20-tetraphenylcopper(II) with a solution of bromine in 

chloroform and carbon tetrachloride at room temperature to get beta octabrominated product. 

This method was subsequently used by a large number of workers often with one or the other 

modification. Treatment of meso-tetraphenylporphyrinatocopper(II) partially fluorinated at the β-

position with bromine leads to substitution of all the remaining β-hydrogen atoms by bromine.177 
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The nitro group in 2-nitrotetraphenylporphyrin leads to the regioselective entry of two bromine 

atoms into the pyrrole fragment opposite to the one that carries the nitro group.178 

Nakano et al.
179 described the iodination of 5,15-diaryl porphyrins featuring a sterically 

unhindered meso position. Their synthetic procedure involved the treatment of a zinc-porphyrin 

substrate dissolved in a mixture of CHC13 and pyridine (60:1) with 1 equivalent of AgPF6 and 

iodine at room temperature. Iodination was completed within 15 minutes to give meso 

iodoporphyrin.  

 

1.9.4 Hydroxylation 

A number of total synthesis approaches to hydroxyl porphyrins have been reported180, 181 

but there are few methods which allow the functionality to be introduced at the porphyrin stages. 

Segawa and co-workers182 reported the first example of direct nucleophilic addition of hydroxyl 

ion on a non oxidized porphyrin ring. Dimethyl sulfoxide (DMSO) and dimethylformamide 

(DMF) were used as solvents and tetra-n-butylammonium hydroxide in 10% methanol solution 

or aqueous sodium hydroxide solution was used to generate the hydroxyl ions. Crossley183 have 

reported a high efficient one pot method for the synthesis of 2- and 5-hydroxy porphyrins by 

nucleophilic substitution of nitro group by the anion of E-benzaldoxime in dimethylsulfoxide. 

This method provides a general, high efficient method for the introduction of a hydroxyl group 

by the regioselective nucleophilic substitution of a nitro group. 

 

1.9.5 Deuteriation 

Deuteriation of porphyrins and metalloporphyrins is commonly used to measure their 

relative susceptibilities towards substitution reactions. Selectively deuteriated porphyrins and 

metalloporphyrins are in use for the physiochemical studies of biological occurring porphyrins 

and metalloporphyrins. Deuteriated porphyrins are useful objects in the study of biological 

environments in hemoproteins and molecular complexes. 

The deuterium substituted porphyrins provide a direct means for resolving or identifying 

the vibrational bands as well for the assignment of NMR peaks. Deuterium incorporation through 

total synthesis is possible, but new procedures for deuterium exchange on synthetic porphyrins 

would clearly be desirable. Procedures have been developed for methine deuteriation of 

porphyrins and metalloporphyrins. The simplest of these techniques involves refluxing the 

porphyrin or metalloporphyrin in deuteroacetic acid.184 Porphyrins may also be deuteriated at the 

methine position by deuterio-p-toluenesulphonic acid in o-dichlorobenzene.185 Woodward186 

found in the course of his chlorophyll synthesis that rhodochlorin dimethyl ester exchanged the 
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methine protons adjacent to the pyrroline ring within two hours when heated to 80 °C in 

deuteriated acetic acid. The other methine bridged protons were not exchanged under these 

conditions. It was mainly Bonnet who investigated the meso hydrogen/deuterium exchange 

reaction in the acidic media and his results could be rationalized by the possible assumption that 

the rate constants of deuteriation are fastest on the most highly electronegative methine 

bridges.187 This assumption was later nicely explained by Kenner’s group. They showed that 

methine protons of porphyrins can be exchanged even in the pyridine solution by deuteriated 

methanol, when the porphyrin ligand is activated by the formation of a magnesium complex.188 

Johnson189 and Dolphin190 extended the exchange studies to metalloporphyrins having central 

ions of oxidation state +3. They found complicated kinetic correlations. It was also found that the 

deuterium incorporated into the meso positions during the reduction of iron(III) porphyrin to 

iron(II) porphyrin complex by iron powder in the neutral deuteriated media.191 This was taken as 

a direct evidence for the attack on porphyrin periphery during the reduction of central ion, but 

this conclusion has also been questioned. Effects of substitution on the deuteriation of porphyrins 

have been reported. In amino porphyrins183 and oxochlorins180b, 192, the γ-bridged proton is 

exchanged rapidly. Steric effects may also be important in α,γ-dimethyl octaethylporphyrin, the β 

and γ-protons are much more amenable to exchange than in the parent porphyrin.193 

 

1.10 Multiporphyrin Systems 

Literally speaking, photosynthesis means assembling by light. According to the most 

common definition photosynthesis is a biological process through which green plant and some 

bacteria prepare organic food in the presence of sunlight. Green plants perform the duty of 

photosynthesis with two types of photosystems namely photosystem I and II.  With the help of 

these photosystems and sunlight, green plants reduce carbon dioxide with the weak reducing 

agent water and the ultimate products are carbohydrates and oxygen. In this way nature converts 

the solar energy into chemical energy. This energy conversion occurs in the photosynthetic 

reaction centres (PRCs). Hence, one may call them as the “energy generators” of the nature. 

In 1984, Deisenhofer and co-workers reported the detailed X-ray structural studies of the 

reaction center of the photosynthetic bacterium Rhodopseudomonas viridis.194 They reported the 

presence of six tetrapyrrole macrocycles at the active site. The structures of PRCs of Rhodobacter 

sphaeroides
195 and Rhodopseudomonas viridis

196 were the determined by X-ray diffraction and 

only minor differences were found.197 The photosynthetic reaction centre of Rhodobacter 

sphaeroides is composed of three subunits and nine cofactors called chromophores; four 

bacteriochlorophylls (BChl), two bacteriopheophytins (BPh), two coenzyme quinone molecules 
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(QA and QB) and a non-heme iron atom. Two of the three subunits provide the necessary 

scaffolding to hold the cofactors in place. The third subunit is essential for the correct assembly 

of the PRC and its interaction with the light-harvesting complex. The chromophores are tightly 

bound within the protein matrix and arranged along L and M branches. The arrangement of the 

chromophores within the reaction centre of Rhodopseudomonas viridis is shown in Figure 13. 

 

 

Figure: 13 Photosynthetic reaction centre (PRC) of Rhodopseudomonas viridis 

 
Two of the BChl molecules form the primary electron donor or “special pair” (BChl2). A 

desire to understand the intricacies of natural photosynthesis has motivated many chemists and 

molecular biologists to synthesize and to study a wide variety of arrays of covalently linked 

porphyrins. Many biological systems have been identified which contain well defined binuclear 

(and multinuclear) metal centers. Such combination of metals provides a method by which 

electrons can be shunted upon adsorption of light. In recent years there has been intense research 

efforts directed towards the synthesis and studies of multiporphyrin systems. Following is the 

brief overview of the most popular and recent methods for the synthesis of multiporphyrin arrays. 

 

1.10.1 Synthetic Porphyrin Arrays 

In the past two decades, the synthetic chemists have attempted to mimic the photosynthetic 

process by synthesizing a number of multiporphyrin systems having more or less covalent or 

hydrogen bonding interaction. The chromophores involved in electron transfer processes within 
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photosynthetic reaction centres are derivatives of porphyrins and quinones. Because of the vital 

role played by the “special pair” in photosynthesis, a number of partially conjugated, non-

conjugated and fully conjugated porphyrin dimers/multiporphyrins have been synthesized and 

reported in literature. We are classifying the multiporphyrin systems into two broad classes on 

the basis of linking positions. 

(1) Multiporphyrin arrays linked through axial coordination and 

(2) Multiporphyrin arrays linked through peripheral positions 

 

(1)Multiporphyrin linked through axial coordination 

For the construction of multiporphyrin systems through axial coordination, metal inside 

the metalloporphyrin should be coordinatively unsaturated so that it can accommodate the fifth 

or/and sixth ligand approaching perpendicular to the plane of the metalloporphyrin. The square 

planar arrangement of porphyrin ligand put some restrictions on the number of metals suitable for 

having an additional fifth or sixth ligand, and the type of ligand to be recognized by the 

metalloporphyrin. Fleisher and Shachter reported the first synthesis of a porphyrin dimer ZnTPP 

having 5-pyridyl-, 5,10-dipyridyl and 5,15-dipyridyl porphyrins respectively.198 By inserting 

Zn(II) into 5-pyridyl-10,15,20-triphenylporphyrin and recrystallization from 

chloroform/methanol, a linear coordinated polymer (14) was obtained.  
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In 2001, Bampos and co-workers199 reported the synthesis of a heterometallic oligimer 

(14a). The monomeric precursors used for the synthesis of heterometallic metalloporphyrin 

oligomers include a five coordinated 5,10,15,20-tetrakis(3,5-di-tert-

butylphenyl)porphyrinatoruthenium(II) carbonyl and a six coordinated 5,10,15,20-tetrakis(3,5-di-

tert-butylphenyl)porphyrinatotin(IV) dihydroxide. 
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Ikeda and co-workers200 synthesized a stable cyclic porphyrin trimmer array (15) utilizing 

zinc(II) pyrazolylporphyrin as monomeric unit. The reported cyclic porphyrin trimmer array 

utilized both the coordination and hydrogen bonding.  The pyrazole nitrogen have coordination 

with the zinc(II) ion as well as hydrogen bonding between carbonyl oxygen. 

 

 

(15) 
 

In 2002, Osuka group demonstrated the importance of the choice of solvent in the 

synthesis of axially coordinated multiporphyrin arrays by isolating a self-assembled porphyrin 

box (16).201  
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(16) 

 

Anderson202 and co-workers prepared the conjugated metalloporphyrin polymer and its 

zinc(II) complex which showed aggregation properties in non-coordinating solvent because of 

the coordination of the amide side chain with the zinc centers. The aggregates of the zinc(II) 

metalloporphyrin polymer dissociated in coordinating solvent. The zinc polymer reacted with 

4,4΄-bipyridyl to form a double stranded coordinating complex (17). 

 

 

(17) 

 

(2)Multiporphyrin arrays linked through peripheral positions 

In this section we shall give some examples from the literature to show how the 

researchers have tried to extend the conjugation outside the porphyrin ring either through the 

direct linking of porphyrins or by joining them together through appropriate linking bridges. We 

are classifying this class of porphyrins into following three subclasses. 
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(i) Non-conjugatedly linked multiporphyrins 

(ii) Partially conjugatedly linked multiporphyrins 

(iii) Conjugatedly linked multiporphyrins 

 

(i)Non-conjugatedly Linked Multiporphyrins 

Zhang203 group have utilized the bromoporphyrins as a new class of synthons for the 

construction of di- and tri-porphyrins. They showed the usefulness of palladium catalyzed C-O 

bond formation for the synthesis of homo-diporphyrins (18a) containing different types of 

spacers in high to excellent yields. The same methodology was also used for the synthesis of 

hetero-diporphyrins (18b) and triporphyrins (18c). 
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Kozyrev et al.
204 have reported the synthesis of the porphyrin dimer in which the two 

porphyrin rings are coupled together through a six carbon saturated hydrocarbon chain (19). 
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(19) 

 

Similar compounds have also been prepared by Paine and Dolphin205 using a different 

synthetic approach and possessing different substituents on the porphyrin macrocycle. Pandey 

and Shiau206 have reported the synthesis of a porphyrin dimer (20) and some other compounds to 

investigate the importance of the linkage for their use in photodynamic therapy. 
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(20) 

 

Drain and Lehn207 in 1994, reported the coordinative assembly of a porphyrin square. 

Neutral tetrameric cyclic molecule was formed by the reaction of 5,10-(4-pyridyl)-15,20-

phenylporphyrin or its Zn complex with trans-Pd(NCPh)2Cl2 at micromolar concentrations. 

When cis- Pd(NCPh)2Cl2 is used, cyclic dimers rather than cyclic tetrmers are formed. 

Yeh208 group in 2006 described the synthesis and electrochemical studies of porphyrin 

dimers bridged by platinum-diacetylide unit (21). The two porphyrin units were found to be 

essentially independent in the zinc complexed dimer. On the other hand in the corresponding 

nickel dimer electronic coupling was observed suggesting dxz-π orbital interaction. They 

concluded that the butadiyne bridge offer stronger porphyrin-porphyrin conjugation than the 

platinum diacetylide bridge. 
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(ii)Partially Conjugatedly Linked Multiporphyrins 

There are multiporphyrin systems in which conjugation path exist between the linked 

porphyrin units but conjugation is hindered due to the plane problems. Conjugation is effective 

only if all of the linked porphyrin units are in one plane so that π-π orbital overlap can occur. 

However due to the steric hindrance, the linked porphyrin units do not remain in one plane or 

sometimes the π-orbitals of the linking bridge and the π-orbitals of porphyrin become orthogonal 

and consequently conjugation is hindered. The synthesis and study of directly linked porphyrin 

arrays have been reported by Osuka and co-workers. They have synthesized a number of meso-

meso and meso-β directly linked dialkyl porphyrins (DAPs) either electrochemically or by 

utilizing Ag(I) salts.209-211 The same author has also described the synthesis of linear arrays of 

128 and 512 directly meso-meso linked chromophores.212, 213 The disadvantage of these systems 

was the orthogonal arrangement of chromophores which resulted in the weak ground state 

interaction between the porphyrins. 

In order to mimic the natural photosynthetic system, Osuka group214 synthesized a set of 

three different bis(phenylethynyl)phenylene bridged diporphyrins. They also studied the 

intramolecular singlet energy transfer from zinc-porphyrin donor to free base porphyrin acceptor 

by the use of picosecond time-resolved fluorescence spectroscopy.  

Sessler and Johnson215 repoted the synthesis of bis-quinone substituted, phenylene linked 

porphyrin dimer (22). Similar porphyrin dimers using phenylene, biphenylene and triphenylene 

as bridge, have been reported by Nagata.216 
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Beavington and Burn217 described the synthesis and electrochemical studies of exo and 

endo diphenylacetylene linked porphyrin dimers. According to their study, the exo-porphyrin 

dimer was prepared in good yield because of its ease of preparation whereas the corresponding 

endo dimer (23) was harder to form because of the steric hindrances offered by the meso 

substituent. 
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In 2005, Anderson218 group reported the synthesis and crystal structure of a meso-meso 

vinylene-linked porphyrin dimer (24) complexed with zinc(II). The crystal structure of the dimer 

(24) revealed the presence of two pyridine molecules coordinating with each zinc atom. The 

crystal structure also showed that the vinylene-bridge is twisted at 45° with respect to the plane 
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of the porphyrins. The absorption, emission and electrochemical studies of this dimer showed the 

presence of conjugation similar to that of corresponding alkyne linked dimers. 
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(iii) Conjugatedly Linked Multiporphyrins 

A single porphyrin molecule has 22π electrons but only 18 of these are included in any 

conjugated pathway. However, there are many examples of expanded porphyrins having 26, 30, 

34, 38, and 54π electrons.219 Electrochemical data and the electronic spectra of such expanded 

porphyrins exhibit a sharp change when compared with the porphyrins and metalloporphyrin 

having 22π electrons. For example, there is a linear red shift in Soret and Q-bands upon 

increasing the π-electrons in the conjugation resulting in the reduction of HOMO-LUMO energy 

gap.220 

The high polarizability, strong optical oscillator strength, and non-linear optical behavior 

of porphyrins are the desired properties required for ultrafast switching technology. Because of 

extensive conjugation, porphyrin monomer has a small energy gap between the highest occupied 

molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO).221 Different 

molecules or groups may be introduced on porphyrin as well as the central metal atom may also 

be changed. Hence, porphyrins offer wide range of possibilities to tune their electronic 

properties. 

Extension of conjugation outside the porphyrin and metalloporphyrin ring is a smart way 

to create the red shift in their electronic spectra. A single molecule of porphyrin/metalloporphyrin 

offers twelve peripheral substitution positions on which a variety of functional groups have been 

introduced. But in the majority of cases, complete electronic communication between the π-

electrons of the porphyrin or metalloporphyrin ring and the moiety attached to the porphyrin or 

metalloporphyrin ring failed because of the steric hindrances. In fact, phenyl or alkyl groups 

attached to the meso or beta positions are twisted due to the steric hindrance at the porphyrin 

peripheries, resulting in limited π overlap.81 Thus it is expected that the efficiency of charge 
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transfer would be greatly reduced compared with the fully conjugated system. Obviously, the 

most efficient transfer of charge could be achieved if the porphyrins are linked through a 

pathway that is as close as possible to a fully conjugated system. The best possible method of 

charge transportation between the linked porphyrins is through a π-conjugating system. The 

linking bridge should be co-planar with all of the linked porphyrins so as to allow the maximum 

overlapping of its π-orbitals with the π-orbitals of linked chromophores. 

During the last 20 years, there has been a considerable research directed towards the 

synthesis of multiporphyrin systems having 1,3-butadiyne linker. 222 Because of its cylindrical 

symmetry, 1,3-butadiyne linker is an efficient bridge to facilitate the conjugation between the 

linked porphyrin or metalloporphyrin macrocycles in any plane. Such extended conjugated 

systems are expected to have lower HOMO-LUMO energy gaps than their parent monomeric 

porphyrins or metalloporphyrins. Such systems could allow the direct electronic communication 

between the linked porphyrins and therefore be of interest in the field of molecular electronics 

and for the manufacturing of photovoltaic devices. 

Crossley and Burn223 had reported a system (25) in which the two porphyrins were 

connected through hexaazaanthracene linking group. They described that the electronic 

properties of porphyrin dimer can be modified by metal ion chelation. 
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The authors reported that the porphyrins in (25) are co-planar and project pyrrole rings 

towards each other at an interpyrrolic distance of 7.5 A°. Initial cyclic voltametric studies of 

these porphyrin dimers have shown that each molecule undergoes a progression of four-

reversible one electron reductions to form tetra π-anion.  In 1991, Crossley and Burn224 reported 

the synthesis of oligomers (26) of increased length by the functionalization of these dimers (25) 

which involved a number of poor yielding steps. They described the preliminary spectroscopic 

studies and reported that the HOMO-LUMO energy gap had been narrowed significantly when 

compared with the same gap in simple porphyrin monomer. The porphyrin oligomer (26) is about 

65 A° long and has a sheath of tert-butyl groups along the backbone which the authors suggest 
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could insulate the conjugated core from the surroundings, (i.e., act as molecular wire) as well as 

providing molecule good solubility in a number of organic solvents. 

 

N

N

N

N

Ar Ar

ArAr

N

N

N

N

N

N

ArAr

Ar Ar

N

N

M

N

N

N

N

N

N

N

N

Ar Ar

ArAr

N

N

N

N

N

N

ArAr

Ar Ar

N

N

MM M

(26)Ar= 3,5-di-tert-butylphenyl
 

 

In 1978, Arnold225 and his co-workers reported the first synthesis and dimerization of a 

meso-ethynyl porphyrin. Their synthetic paths involved Wittig and Grignard methylenation of 

meso-formyloctaethylporphyrinatonickel(II). Dimerization of nickel(II) meso-

ethynyloctaethylporphyrin produced a green 1,3-butadiyne dimer (27). 
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In 1992, Arnold226 and his co-workers reported an improved synthesis of their previously 

reported bis-porphyrin (27) by a four step halo-Wittig synthetic path. They also attempted to 

prepare a free base bis-porphyrin by the treatment of (27) with 98% sulfuric acid for two hours. 

After neutralization and purification, they obtained a free base furan substituted porphyrin dimer 

(28) instead of 1,3-butadiyne linked free base porphyrin dimer. 
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Gosper and Ali227 extended Arnold halo-Wittig reaction methodology for the synthesis of 

a conformationally constrained conjugated porphyrin dimer (29). According to the authors the 

dimer is soluble in a range of organic solvents and have greater solubility than the corresponding 

tetraphenylporphyrinatonickel(II) dimer which lacks the solubilising tert-butyl group. 
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Since the first report by Arnold and co-workers225, a variety of meso-meso, meso-β, and 

β-β alkyne linked porphyrins have been isolated and characterized by the same group228 and by 

others.81, 99, 150, 229, 230 The meso-meso linked dimers showed stronger intermolecular interaction 

than the β-β linked dimers. Sugiura group synthesized a square shaped porphyrin tetramer231 and 

dodecamer232 (30) having sterically unhindered alkyne linkages. Anderson group extended such 

dimmeric systems to hexamers229d and polymers.99, 229e, 229f, 202 
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From the outset of our research, we aimed to investigate a synthetic path for the synthesis 

of a multiporphyrin/bisporphyrin system having direct electronic communication through the 

beta pyrrolic positions of the linked porphyrins or metalloporphyrins. The initial work of Arnold 

et al.
225 demonstrated that 1,3-butadiyne system could satisfy this criterion but other systems 

should also be considered at this point. It is possible that steric interactions between the various 

portions of the chain will lead to non-planarity and therefore loss of conjugation. If ethene is 

selected as a linker, the steric interaction between the porphyrin and the hydrogen on the attached 

carbon is so great that it does not allow the system to exist in a planar arrangement (Figure 14). 

Similarly, on using benzenoid linker, again the steric interaction between the porphyrins 

and the attached carbons will not allow the system to exist in planar arrangement (Figure 15). 
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Figure 14: Porphyrin Dimer Linked through Ethene Bridge 
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Figure 15: Porphyrin Dimer linked through Benzene Bridge 

 

We selected 1,3-butadiyne as a bridge to link two porphyrins. As stated earlier, this linker 

has an advantage over the other linkers that it possesses cylindrical symmetry and hence the 

problems of steric hindrance and limited π-conjugation are ruled out.  The synthetic work 

described in this thesis also explains the effect of extended conjugation outside the porphyrin ring 
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in the terms of their electrochemical and electronic properties. We have reported some new 

chemistry regarding 1,3-butadiyne-linked porphyrin dimers joined through the β-positions. 

Compounds of this type are not new, having been reported in 1992, but we have used new 

methods for preparation the β-bromoethenyl intermediates and have used one pot methods as 

well as using a different porphyrin starting material, including the preparation of copper 

derivatives that have not previously been reported. 

 

1.11 Aims 

The aims of the work described in this thesis are 

1. To investigate new synthetic paths for the synthesis of porphyrins and 

metalloporphyrins. 

2. To develop new methods for the synthesis and dimerization of β-ethynyl 

metalloporphyrins. 

3. To investigate the effect of different metal ions on the synthesis and physical 

properties of the ethynyl and bis-porphyrins. 

4. To investigate the extent of electronic communication between the linked 

porphyrins. 

5. And finally the use/applications of porphyrins and metalloporphyrins as advance 

materials 
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Chapter 2 

Synthesis of Porphyrins and Metalloporphyrins 

2.1 Synthesis of Porphyrins 

Porphyrin chemistry began in 1880 with Hoppe-Seyler isolation of hematoporphyrin. In 

1920’s and 1930’s Fischer’s school in Munich introduced several highly efficient methods for the 

synthesis of porphyrins, usually involving the condensation of pyrromethenes. These synthetic 

methods allow acceptable yields of the porphyrins only when the target molecules include certain 

symmetry characteristics and when applied to the synthesis of biologically significant porphyrins, 

which in the main lack symmetry, these routes usually furnish poor yields of porphyrin mixtures. 

However, one of the major contributions of the Munich school was the development of expertise 

and methods which facilitated the separation of these mixtures and even the most minor by-

product was purified and characterized. Fischer’s early methods required harsh reaction 

conditions, while more recent approaches such as the use of open chain tetrapyrroles involve 

milder conditions. Use of milder conditions allows labile or complex side chains to be preserved 

intact during the reaction, permitting the synthesis of previously unknown or unattainable 

porphyrins. 

The Arsenault et al.
233 route for the synthesis of porphyrins from pyrromethanes was a 

timely addition to the existing methodologies. Research continued from these beginnings and 

now days a variety of techniques are available for preparation of both natural and synthetic 

porphyrins. 

Numerous advances in porphyrin synthetic methodology have been made through 

monopyrrole tetramerisation,234-238 self-condensation of dipyrromethene in organic acid,239 2+2 

McDonald dipyrromethane synthesis233, 240 and 3+1 synthesis with a tripyrrane and a 

diformylpyrrole.241  

 

2.2 Synthesis of meso-tetraphenylporphyrin (TPP) (8) 

The first synthesis of meso-tetraphenylporphyrin (TPP) (8) was accomplished by 

Rothemund234 who caused benzaldehyde and pyrrole to react in a sealed tube at 150 °C for 24 

hours in the presence of pyridine. The slow cooling of the tube over a period of 10 hours caused 

the porphyrin to crystallize in beautiful lustrous deep purple crystals. This reaction has since 

found extensive applications. Since its development, several modifications has been employed 

which are outlined in the following paragraphs. 
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Tetraphenylporphyrin (8) and its derivatives are the most commonly used porphyrins for 

the investigations of the physical properties of the macrocycles and their diverse metallic 

complexes. There can be a little doubt that the popularity of TPP (8) as a substrate stems from the 

ease of its preparation from benzaldehyde and pyrrole. It is readily synthesized by Rothemund234 

reaction (Scheme 2.1). 
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Scheme 2.1  

 

The yields by this method were low and also the conditions were so severe that only a 

few substituted benzaldehydes could be converted to the corresponding porphyrins. Also, the 

high level of tar produced presents purification problems especially with those porphyrins that do 

not crystallize or precipitate at the end of the reaction. The Rothemund conditions were 

obviously based on the premise that the porphyrins are stable aromatic compounds and therefore 

merely cracking the initially formed adducts of benzaldehyde (31) and pyrrole (32) at high 

temperatures should give the porphyrin. Rothemund reaction was studied by Arnoff and 

Calvin.242 They isolated six porphyrin type compounds and assigned structures to them. Ball, 

Dorough and Calvin243 reported an improved method for the synthesis of TPP (8) which make 

use of addition of zinc acetate into the reaction mixture followed by demetallation of the 

resulting zinc complex with mineral acid. In 1963, Sharp244 claimed that the best yield of the 

meso-tetrasubstituted porphyrin can be obtained in the absence of pyridine. Thomas245 and 

Badger246 extended the use of Rothemund reaction to the synthesis of meso-tetra(ortho and para 

substituted phenyl)porphyrins. Alder et al.
235a modified the Rothemund reaction by allowing 

benzaldehyde (31) and pyrrole (32) to react in refluxing propionic acid (141 °C) open to the air. 

These comparatively mild reaction conditions have allowed a wider selection of substituted 

benzaldehydes to be converted to the corresponding porphyrins in yields of up to 20%. The 
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reaction is also amenable to large scale synthesis and multigram quantities of many porphyrins 

have been prepared. However this and all other modifications of the Rothemund reaction for the 

synthesis of TPP (8) produce 2-10% of tetraphenylchlorin as by-product. Tetraphenylchlorin 

(TPC) is very difficult and tedious to separate from the corresponding porphyrin. Early used 

methods for the purification of TPP (8) involve the repeated filtration through a bed of fuller’s 

earth which results in the loss of about 80% of the porphyrin or by sublimation.235a Alternatively 

TPP/TPC mixture can be heated under reflux for several hours in dimethyl sulphoxide247 or 

chromatographed on Florisil.248 Barnett249 developed a method for the rapid and convenient 

purification of crude TPP (8) which involve the treatment with 2,3-dichloro-5,6-

dicyanobenzoquinone (DDQ), followed by chromatography over alumina. 

We started our work with the synthesis of TPP (8) using Alder235a modification of 

Rothemund condensation followed by Barnett249 purification technique. Some of the work 

reported in this thesis regarding the functionalization of TPP (8) and its metal complexes posed 

serious problems of lower yields and involved the use of large quantities of organic solvents 

because of the very low solubility of TPP (8) and its metal complexes in a large range of organic 

solvents. This problem enforced us to develop some solventless method for the synthesis of 

meso-tetraarylporphyrins (TAPs). Keeping this in mind, we selected three different types of 

tetraarylporphyrins (TAPs) as our working molecules. 

1. 5,10,15,20-tetraphenylporphyrin  (TPP) (8); a highly insoluble porphyrin 

2. 5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrin (TIPP) (9); a moderately soluble 

porphyrin 

3. 5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin  (TDTBPP) (10): a highly 

soluble porphyrin 

Initially two different synthetic paths namely (i) Alder’s Method235a and (ii) Sharghi’s 

Method250 were investigated for the synthesis of above cited meso-tetraarylporphyrins. These 

investigations helped us to finally develop a new environment friendly method for the simple and 

easy synthesis of above cited tetraarylporphyrins.83 

The application of Alder et al.235a method for the synthesis of TPP (8) benzaldehyde (31) 

and pyrrole (32) in refluxing propionic acid produced glistering purple crystals of TPP (8) in 

20% yield (Scheme 2.2). 
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2.2.1 Application of Sharghi Method for the Synthesis of meso-

tetraphenylporphyrin (TPP) (8) 

In 2004, Sharghi and co-workers250 reported an improved method for the synthesis of a 

range of meso-tetraarylporphyrins in quite high yields at the room temperature. We also 

investigated this method for the synthesis of TPP (8). According to this method 10-2 M of 

benzaldehyde (31) and pyrrole (32) were added into dry distilled dichloromethane at the room 

temperature under a slow steady steam of nitrogen. After 5-10 minutes, CF3SO2Cl was added and 

the stirring was continued for 1 hour. The reaction mixture was then stirred for 4 hour at 39 °C 

under the blanket of filtered air for the oxidation of initially formed porphyrinogen. The solvent 

was evaporated and the product was chromatographed to get pure TPP (8) in 60% yield (Scheme 

2.3). 
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The Sharghi condensation method worked well for this preparation and the yield of TPP 

(8) was similar to that reported by Sharghi et al.250 
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2.3 Synthesis of 5,10,15,20-tetrakis(4
′
-isopropylphenyl) porphyrin 

(TIPP) (9) 

Although the synthesis of TIPP (9) has been mentioned in the literature250, 22 but its 

microwave-assisted synthesis over a solid support has never been reported before us.83 As 

described earlier, initially TIPP (9) was synthesized by two different methods. The first method 

involved the application of the Alder’s method235a (Scheme 2.4). 
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In a typical procedure, 4-isopropylbenzaldehyde (33) and pyrrole (32) were added into 

the refluxing propionic acid. The mixture was refluxed for two hours, concentrated to half of its 

original volume, and allowed to cool at the room temperature. After an overnight stay, the 

reaction mixture was filtered and the residue was washed with methanol and water to get crude 

TIPP (9) in 25% yield. Further concentration of the propionic acid filtrate did not produce any 

more crop of TIPP (9). The crude TIPP (9) was recrystallized from chloroform/methanol mixture 

to afford pure glistering purple crystals of TIPP (9) in 21.22% yield.  

 

2.3.1 Application of Sharghi Method for the Synthesis of 5,10,15,20-tetrakis(4′-

isopropylphenyl)porphyrin (TIPP) (9) 

Sharghi and Nejad250 have investigated the effects of numerous reaction parameters on 

the one pot room temperature synthesis of TPP (8). Their initial systematic study for the 

synthesis of TPP (8) showed that CF3SO3Cl possess excellent activity for the condensation of 
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benzaldehyde and pyrrole in dry dichloromethane. The concentrations of benzaldehyde and 

pyrrole were found to be critical determinants of the ultimate yield of porphyrin. The maximum 

yield of TPP (8) was obtained when 10-2M solution of benzaldehyde and pyrrole in dry 

dichloromethane was stirred at the room temperature. They extended these conditions to the 

synthesis of fifteen others meso-tetraarylporphyrins including the synthesis of TIPP (9). By this 

method, they obtained the TIPP (9) in 60% yield.  

We also applied this method for the synthesis of TIPP (9). In dry dichloromethane, 10-2M 

solution of pyrrole (32) and aldehyde (33) was stirred for one hour after which CF3SO3Cl was 

added and stirring was continued for the next 3 hours at 39 °C under the steady steam of filtered 

air (Scheme 2.5). 
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The reaction mixture was worked up and the product was chromatographed to get pure 

TIPP (9) in 23% yield. Inspite of our repeated attempts, we were unable to obtain 60% yield of 

TIPP (9) as claimed by the Sharghi et al.
250 The reason for the lower yield in our case is 

unknown. 

According to the Lindsey236b presence of water causes a shift in the equilibrium and the 

addition of as little as 0.18 µL of water per mL of dichloromethane after one hour of the reaction 

displaced the equilibrium and caused a one third decline in the yields. On the other hand, addition 

of large quantities of water (5 µL per mL of dichloromethane) completely stopped the reaction. 

Thus addition of water scavenger can lead to the improve yield of the TIPP (9). We investigated 

the effect of triethyl orthoacetate as water scavenger in our reaction but it was observed that the 

addition of water scavenger had no effect on the yield of TIPP (9). 
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2.4 Synthesis of 5,10,15,20-tetrakis(3
′
,5
′
-di-tert-butylphenyl) 

porphyrin (TDTBPP) (10) 

Likewise TPP (8) and TIPP (9), we initially applied Alder235a and Sharghi250 methods for 

the synthesis of TDTBPP (10). Both these methods required the synthesis of 3,5-di-tert-

butylbenzaldehyde (34) which in turn was prepared in two steps from 3,5-di-tert-butyltoluene 

(35), itself prepared from toluene (36) and tert-butylchloride (37). 

 

2.4.1 Synthesis of 3,5-di-tert-butyltoluene (35) 

The synthesis of 3,5-di-tert-butyltoluene (35) was first described by De Capeller251 by the 

reaction of two equivalents of tert-butyl chloride (37) with toluene (36) in the presence of 

aluminum chloride or ferric chloride. Interestingly this paper reported that the product of m.p 31-

32°C was 3,4-di-tert-butyltoluene (38). 

 

CH3

C(CH3)3

C(CH3)3

(38)
 

 

Carpenter and Easter252 refused to accept the structure (38) and explained that the strain 

inherent in the o-di-tert-butyl configuration would be of such a magnitude that the existence of, 

or at any rate the ready preparation of such a molecule is highly improbable. Further studies 

proved that Carpenter and Easter252 were in fact correct and the product is the 3,5-di-tert-

butyltoluene (35). 3,5-di-tert-butyltoluene was prepared by the little modification of the method 

described by the Geuze et al.
253 which in turn follows De Capeller original method.251 The 

method involved the slow addition of aluminum chloride into the mixture of one equivalent of 

toluene (36) and two equivalents of tert-butylchloride (37) (Scheme 2.6). 
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After standing for 24 hours, the reaction mass was poured into crushed ice and the oily 

layer was mechanically stirred. After some time yellow white precipitates of 3,5-di-tert-

butyltoluene (35) were formed and separated. This process of low temperature precipitation was 

repeated again and again until no further precipitation was observed. The precipitates were 

melted at the room temperature and after washing with water these were dried over anhydrous 

sodium sulphate. The alternative procedure involves the isolation of a fraction at 98 °C at 5.7 mm 

of Hg pressure.  

The dry melted precipitates were crystallized out from itself to obtain 3,5-di-tert-

butyltoluene (35). By using freshly distilled dry toluene (36) and tert-butylchloride (37) and 

freshly opened aluminum chloride a yield of 60% could be obtained after two distillations or by 

complete precipitation. This yield is significantly greater than that reported by Geuze et al.
253 

 

2.4.2 Synthesis of 3,5-di-tert-butylbenzaldehyde (34) 

The first step for the synthesis of 3,5-di-tert-butylbenzaldehyde (34) is the halogenation 

of 3,5-di-tert-butyltoluene (35) which was done with the help of N-bromosuccinimide (NBS) in 

the presence of benzoyl peroxide as free radical initiator (Scheme 2.7). 

 

C(CH3)3(H3C)3C

CH3

C(CH3)3(H3C)3C

NBS/CCl4

Benzoylperoxide

Br

(35) (39)

Scheme 2.7  

 

NBS is a highly regioselective brominating agent and it brominates only those methyl 

groups that are directly attached to the aromatic ring. So in the case of 3,5-di-tert-butyltoluene 

(35) only the methyl group directly attached to the benzene ring was brominated where as  all 

tert-methyl groups remain unchanged and as a result we got only 1-bromomethyl-3,5-di-tert-

butylbenzene (39). The 1-bromomethyl-3,5-di-tert-butylbenze (39) was then oxidized by using 

Sommelet reaction, following the procedure reported by Newmann and Lee254 (Scheme 2.8). 

The method involves the reaction of a solution of 3,5-di-tert-butyltoluene (35) in carbon 

tetrachloride with N-bromosuccinimide and benzoyl peroxide. The reaction mixture was refluxed 

for four hours after which carbon tetrachloride was removed and the residue was added into the 

solution of hexamethylenetetramine (40) dissolved in the 1:1 mixture of water and ethanol. To 
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this refluxing mixture concentrated hydrochloric acid was added and the reflux was continued for 

the next 30 minutes. The organic product was finally isolated and recrystallized from the 

petroleum ether to afford 3,5-di-tert-butylbenzaldehyde (34) in 64% yield (Scheme 2.8). 
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The Sommelet reaction, when started with a halide (39) proceeds in four steps; (i) 

formation of hexaminium salt (41) by the reaction of halide (39) with hexamethylenetetramine 

(40); (ii) Hydrolysis of the hxaminium salt (41) to an amine (42); (iii) oxidation of amine (42) to 

an imine (43) and finally (iv) formation of aldehyde (34). Frequently these steps can be 

performed in one step operation without isolation of the intermediates as shown in the Scheme 

2.8. 

 

2.4.3 Alder Method for the Synthesis of TDTBPP (10) 

The aldehyde (34) and pyrrole (32) were condensed in refluxing propionic acid using the 

procedure described by Alder et al.
235a to get porphyrin (TDTBPP) (10). The procedure involved 

the addition of 3,5-di-tert-butylbenzaldehyde (34) and pyrrole (32) to refluxing propionic acid. 

The mixture was refluxed for one hour, concentrated to half of its volume and allowed to cool at 

the room temperature for an overnight stay. This produced the porphyrin (10) in 18% yield. 
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Concentration of propionic acid filtrate gave a second crop of porphyrin (10) in 3% yield. The 

first and the second crops were recrystallized from chloroform/methanol mixture to afford pure 

crystals of porphyrin (10) in 18% yield (Scheme 2.9). 
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2.4.4 Application of Sharghi Method for the Synthesis of TDTBPP (10) 

Sharghi and Nejad250 reported a method for the improve synthesis of sixteen different 

meso-tetraarylporphyrins. They studied the effect of various catalysts and solvents on the %age 

yield of different porphyrins. They found that in dry dichloromethane CF3SO2Cl have excellent 

condensation properties. We investigated this method for the synthesis of porphyrin (TDTBPP) 

(10). In dry dichloromethane, 10-2M solution of pyrrole (32) and aldehyde (34) was stirred at the 

room temperature for one hour followed by the addition of CF3SO2Cl and the stirring was 

continued for the next three hours at 39 °C under the steady steam of filtered air. The 

intermediate porphyrinogen formed by the condensation of aldehyde (34) and pyrrole (32) was 

oxidized by the air to produce porphyrin (10) (Scheme 2.10). 
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The reaction was worked up and the product was chromatographed over neutral silica gel 

to get pure TDTBPP (10) in 23% yield. Inspite of repeated attempts, we were unable to further 

improve the yield of TDTBPP (10) under the conditions reported by Sharghi et al.
250 The reasons 

for this lower yield are unknown. 

According to the Lindsey236b presence of water causes a shift in the equilibrium and the 

addition of as little as 0.18µL of water per mL of dichloromethane after one hour of the reaction 
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displaced the equilibrium and caused a one third decline in the yields. On the other hand, addition 

of large quantities of water (5µL per mL of dichloromethane) completely stopped the reaction. 

Thus we thought that the addition of water scavenger can lead to the improve yield of the 

TDTBPP (10). We investigated the effect of triethyl orthoacetate as water scavenger in our 

reaction but it was observed that the addition of water scavenger had no effect on the yield of 

TDTBPP (10). 

 

2.5 Microwave-assisted Synthesis of Porphyrins 

Sharghi and Nejad method250 worked well only for the synthesis of TPP (8), when applied 

to the synthesis of TIPP (9) and TDTBPP (10), it always resulted in poor yields. In order to 

improve the yields of TIPP (9) and TDTBPP (10), a new microwave-assisted method for the 

synthesis of TPP (8), TIPP (9) and TDTBPP (10) over a solid support was developed.83 

The solid-state synthetic methods have attracted much attention and are widely used for 

the synthesis of a variety of compounds.255-257 Microwave-assisted organic synthesis has became 

an increasingly popular technique in academic and industrial laboratories because of certain 

advantages particularly shorter reaction times, minimum solvent requirement, and ease of 

purification.258-260 Application of microwave power in synthesis, metallation, and substitution 

reactions of porphyrins is not a new concept.261-263 In the past few years, porphyrin chemistry 

under microwave heating has been under intense study with significant benefits. Microwave-

assisted reactions are believed to facilitate the polarization of the substrate thereby increasing the 

rate of the reactions.264-266 

The classical porphyrin synthesis popularized by Alder, Longo, and Lindsey makes use of 

toxic and corrosive solvents.235a, 236b, 267 However, with the advent of microwave radiation as 

source of energy for chemical reactions, it has been possible to synthesize the porphyrins and 

metalloporphyrins under solventless conditions.268 The first report of solid-state synthesis of 

porphyrins under microwave radiations used silica gel, alumina, clay, and montmonillonite. 

According to that report, the yields were poor and not more than 10%.269 The experimental 

technique applied for the synthesis of meso-tetraarylporphyrins (TAPs) described below is based 

on microwave power.  

Two reaction techniques were used namely (i) Solventless heating with controlled 

temperature, and (ii) Dry media procedure with controlled temperature. Initially, we used 

microwave radiation under solventless conditions for the synthesis of TPP (8), TIPP (9) and 

TDTBPP (10) without using any solvent and solid support. The obtained yields were comparable 

with those afforded by the application of Alder235a and Sharghi250 methods (Table 2.1). 
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Table 2.1: Solventless synthesis of Porphyrins. 

   Microwave Power= 200 Watts; Time= 6 minutes; Temperature= 100 °C 

Reactants Porphyrin %age Yield 

Pyrrole (32) and aldehyde (31) TPP (8) 24 

Pyrrole (32) and aldehyde (33) TIPP (9) 22 

Pyrrole (32) and aldehyde (34) TDTBPP (10) 20 

 

In another set of experiments, the mixtures of aldehyde and pyrrole were supported on 

dry neutral silica gel and irradiated with microwave radiation to get TPP (8), TIPP (9) and 

TDTBPP (10) but this time the yields were not greater than 10%. Alternatively, silica gel was 

first acidified with propionic acid, dried in an oven at 60 °C for 12 hours. This silica gel was used 

to support the mixtures of reacting aldehyde and pyrrole. Upon microwave irradiation, TPP (8), 

TIPP (9) and TDTBPP were obtained in good yields (Table 2.2). 

 

Table 2.2: Porphyrins Synthesis over Acidic Silica Gel. 

     Microwave Power= 200 Watts; Time= 10 minutes; Temperature= 100 °C 

Reactants over H+/Silica Gel Porphyrin %age Yield 

Pyrrole (32) and aldehyde (31) TPP (8) 40 

Pyrrole (32) and aldehyde (33) TIPP (9) 37 

Pyrrole (32) and aldehyde (34) TDTBPP (10) 32 

 

2.5.1 (і) Solventless heating with controlled temperature 

2.5.1.1 Solventless Synthesis of TPP (8) 

Solventless synthesis of TPP (8) with controlled temperature procedure involved the 

mixing of benzaldehyde (31) and pyrrole (32) in dichloromethane at room temperature. 

Dichloromethane was evaporated under vacuum and the resulting reaction mixture was heated 

under microwave radiations in a quartz flask having an outer solvent circulating jacket for the 

control of temperature. Thin layer chromatography (TLC) was used to monitor the reaction 

progress. The reaction mixture was purified by column chromatography to get pure TPP (8) in 

24% yield. 
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2.5.1.2 Solventless Synthesis of TIPP (9) 

Aldehyde (33) and pyrrole (32) were mixed well in dichloromethane. Dichloromethane 

was evaporated under vacuum and the remaining contents were heated under microwave 

radiations in a quartz flask having an outer solvent circulating jacket for the control of 

temperature. The reaction mixture was purified by column chromatography to get pure TIPP (9) 

in 22% yield. 

 

2.5.1.3 Solventless Synthesis of TDTBPP (10) 

Solventless heating with controlled temperature procedure was also tested for the 

synthesis of TDTBPP (10). Aldehyde (34) and pyrrole (32) were mixed together in chloroform. 

Chloroform was evaporated under vacuum and the resulting reaction mixture was heated under 

microwave radiations in a quartz flask having an outer solvent circulating jacket for the control 

of temperature. The reaction mixture was purified by column chromatography to get pure 

TDTBPP (10) in 20% yield. 

 

2.5.2 (іі) Dry media procedure with controlled temperature 

The initial successes of solventless heating with controlled temperature technique 

encouraged us to work further for the development of this technique. So, we adopted dry media 

procedure with controlled temperature technique for the synthesis of meso-tetraarylporphyrins 

which make use of silica gel acidified with propionic acid. 

 

2.5.2.1 Preparation of Acidic Silica Gel 

Silica gel used for column chromatography was mixed well with propionic acid in a 

mortar. The resultant mixture was dried in an oven at 60 °C for 12 hours to get acidified gel as 

white powder. 

 

2.5.2.2 Synthesis of TPP (8) over Acidic Silica Gel 

Benzaldehyde (31) and pyrrole (32) were dissolved in dichloromethane at the room 

temperature. The resulting reaction mixture was adsorbed over anhydrous silica gel already 

acidified with propionic acid. The solvent was removed under vacuum. The acidic gel containing 

adsorbed benzaldehyde (31) and pyrrole (32) was introduced in an open quartz flask having an 

outer solvent circulating jacket for the control of temperature. It was subjected to microwave 

irradiation. After the completion of reaction, TPP (8) was extracted and purified by column 

chromatography to get pure TPP (8) in 40% yield. 
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2.5.2.3 Synthesis of TIPP (9) over Acidic Silica Gel 

Aldehyde (33) and pyrrole (32) were dissolved in dichloromethane at the room 

temperature. The resulting reaction mixture was adsorbed over anhydrous silica gel already 

acidified with propionic acid. Dichloromethane was removed under vacuum. The acidic gel 

containing adsorbed aldehyde (33) and pyrrole (32) was introduced in an open quartz flask 

having an outer solvent circulating jacket for the control of temperature. It was subjected to 

microwave irradiation. After the completion of reaction TIPP (9) was extracted and purified by 

column chromatography to get pure TIPP (9) in 37% yield. 

 

2.5.2.4 Synthesis of TDTBPP (10) over Acidic Silica Gel 

Synthesis of TDTBPP (10) over acidic silica gel involved the mixing of aldehyde (34) 

and pyrrole (32) in chloroform at room temperature. The resulting reaction mixture was adsorbed 

over anhydrous silica gel already acidified with propionic acid. Chloroform was removed under 

vacuum. The acidic gel containing adsorbed aldehyde (34) and pyrrole (32) was introduced in an 

open quartz flask having an outer solvent circulating jacket for the control of temperature. It was 

subjected to microwave irradiation. After the completion of reaction TDTBPP (10) was extracted 

and purified by column chromatography to get pure TDTBPP (10) in 32% yield. 

 

2.5.3 Spectroscopic Characterization of TIPP (9) 

UV-Visible spectrum of TIPPP (9) was determined in chloroform (Figure 16). It showed 

characteristic Soret and Q bands in the range of 400-700 nm. An intense Soret band was 

observed at 420 nm arising from second symmetry allowed transition (S°→S2). It also showed a 

characteristic Q-band comprising of four less intense satellites peaks at 450, 515, 555 and 670 

nm (Figure 16).  
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  Figure 16: UV-Visible spectrum of TIPP (9) 

 

The FTIR spectrum showed an N-H stretching absorption at 3315 cm-1. The 1HNMR of 

TIPP (9) in CDCl3 showed a broad exchangeable two proton singlet at -2.74 δ due to imino 

protons, a doublet at 1.53 δ (J=6.9 Hz) due to 24 protons of eight methyl groups of four isopropyl 

substituents, a septet at 3.25 δ (J=6.9 Hz) due to four -CH protons of four isopropyl substituents, 

a doublet at 8.12 δ (J=7.8 Hz) due to eight o-phenyl protons, a doublet at 7.58 δ (J=7.8) due to 

eight m-phenyl protons and a sharp singlet at 8.84 δ due to eight β-pyrrolic protons. 

 

2.5.4 Spectroscopic Characterization of TDTBPP (10) 

The FTIR spectrum of TDTBPP (10) showed an N-H stretching absorption at 3320 cm-1. 

Its UV-Visible spectrum was determined in chloroform and it showed an intense Soret band at 

420 nm along with four characteristics Q-band absorptions at 520, 555, 590 and 645 nm. The 

absorption spectrum of TDTBPP (10) was found to be of etio-type as the intensity ratio Q-band 

absorptions were found to be in the order of І < ІІ < ІІІ < ІV (Figure 17). 
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  Figure 17: UV-Visible spectrum of TDTBPP (10)  

 

The 1HNMR of TDTBPP (10) in CDCl3 showed a broad exchangeable two proton singlet 

at -2.67δ due to imino protons, a 72 proton singlet at 1.51δ due to eight tert-butyl groups, a triplet 

at 7.74 δ (J=1.7 Hz) due to four p-phenyl protons, a doublet at 8.07 δ (J=1.7 Hz) due to eight o-

phenyl protons and a sharp singlet at 8.87 δ due to eight β-pyrrolic protons. 

 

2.6 Synthesis of Metalloporphyrins 

The study of porphyrin chemistry can be said270 to have begun in 1880 with Hoppe-

Seyler’s isolation of hematoporphyrin from hemin (6) and phylloporphyrin from chlorophyll (4). 

In isolating the demetallated macrocycles, he showed the similarity that existed between these 

two molecules. In 1902 the first “novel metalloporphyrins” meso-porphyrin IX complexes of 

Cu(I1) and Zn(II) were prepared.271 This was actually two years before the first successful 

reinsertion of iron into a demetallated porphyrin.272  From studies of these compounds it was 

found that meso porphyrin complexes of zinc and copper metals lacking a common +3 state, 

contain no chlorine. This showed the chlorine in porphyrin iron(IIІ) chloride is bound to the 

metal and not to the porphyrin. Synthetic work continued so that by 1964, Falk273 was able to list 

28 metalloporphyrin complexes. 

Metal cations react with porphyrins to form simple and mixed metalloporphyrins 

(MP).274, 275 Simple complexes can have the cation to ligand composition 2:1, 1:1, 1:2, or 2:3. 

Complexes of the latter two compositions have a sandwich structure.276, 277 The coordination 

spheres of mixed complexes contain, in addition to porphyrin, molecular, acido, or chelating 
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ligands. Although sandwich complexes with 2:3 stiochiometry belong to simple coordination 

compounds, each metal atom in these complexes is bound to two structurally different 

macrocyclic porphyrin ligands. 

Metalloporphyrins have been studied extensively because of their important role in 

biological systems in addition to various technological applications such as superconductors,278 

anticancer drugs,279 transistor based sensors280 and as catalysts.281 There is a going trend to 

investigate the mechanism and kinetics of metal incorporation into the porphyrin macrocycle282-

289 because of the fact that metals are the active center of most the biologically important 

porphyrins. Generally porphyrins are synthesized in the metal free form and metal ions are 

subsequently inserted in the processes catalyzed by enzymes.290 Thus kinetic studies of metal 

insertion into the porphyrin macrocycle are indispensable in order to understand in vivo metal 

incorporation processes leading to the formation of natural metalloporphyrins.  The aromatic 

macrocyclic porphyrin ligand can act as bi- tri- and as a tetradentate ligand. In addition, metal 

ions have been observed to possess 4-, 5-, 6- or 8- coordination. 

Metal insertion into the core of porphyrin ring also allows the considerable control of the 

properties of such systems such as, stability, solubility, redox properties and electrical properties 

etc. One example of a synthetically important aspect of metal chelation is that direct electrophilic 

substitution reactions of porphyrins depend greatly upon the type of complexed metal. 

In our investigation, we selected divalent metal ions of nickel, copper and zinc for the 

synthesis of various metalloporphyrins and the emphasis was placed for the synthesis of nickel 

and copper metalloporphyrins; nickel metalloporphyrins being the diamagnetic and the copper 

metalloporphyrins being the paramagnetic provide a useful basis for the comparison of their 

electronic absorption spectra and electrical properties. The selection of divalent copper and 

nickel was also made because of the inherent stability of their metal complexes under the acidic 

conditions. These metal ions also activate the porphyrins periphery towards the electrophilic 

substitution reactions in addition to the protection of inner nitrogens of the porphyrins from 

protonation. These metals ions also are not easily removed under acidic or strong basic 

conditions which are found in many synthetic procedures. 

 

2.6.1 Metal Insertion 

There are a variety of methods by which metals ions can be inserted into the porphyrin 

pocket. However the overwhelming majority of preparative routes to metalloporphyrins involve a 

metathesis reaction between free base porphyrin and an appropriate metal salt which generate the 

metalloporphyrin and the corresponding conjugated anion acid. 
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Por-H2 + [MII(anion)2] [PorMII] + 2 anion-H  

Due to different chemistry displayed by such a large range of metals, no general method 

for all metal ions is available. Although thermodynamically favorable, metal insertions are often 

kinetically inhibited due to the relative inflexibility of the porphyrin ligand as well as the nature 

of the metal ion used. Therefore, the reaction conditions may range from mild to exceedingly 

harsh. Factors which must be taken into account when a metal is to be inserted into the porphyrin 

macrocycle include 

1. Solubility of porphyrin free base and metal salt used as well as the solubility of the 

metalloporphyrin produced 

2. The acidity and/or basicity of the solvent used 

3. The intrinsic stability of the metalloporphyrin produced under the given reaction 

conditions 

As described earlier many methods are available for the synthesis of metalloporphyrins, 

some of which are listed in the following Table 2.3. 

 

Table 2.3: General Methods used for the Synthesis of Monometalloporphyrins 

No. General Name of the Method Temp. 

(°C) 

Common inserted Metals Ions 

1 The acetate Method291 100 Cu, Zn, Ni, Co, V, Pt, Fe, Mn 

2 The pyridine Method292 115-185 Mg, Ca, Sr, Ba, Zn, Cd, Hg, Sn 

3 The acetylacetonate Method293 180-240 Mn, Fe, Co, Ni, Cu, Zn, Al, Sc, Ga, 

Cr, Mo, In, Y, Ti, Eu, Zr 

4 The phenoxide Method294 180-240 Ta, Mo, W, Re, Os 

5 The benzonitrile Method295 191 Nb, Cr, Mo, W, Pd, Pt, Zr, In 

6 The dimethylforamide Method296 153 Cu, Zn, Ni, Co, Fe, Mn, V, Hg, Cd, 

Pb, Sn, Mg, Bi, Cr, Ca, Ba, As, Sb 

7 The metal organyl Method297 25 Mg, Al, Ti 

8 The metal carbonyl 

Method298-300 

80-200 Cr, Mo, Mn, Tc, Re, Fe, Ru, Co, 

Rh, Ni, Os, Ir 

9 The microwave Methods83, 263, 301 180 & 250 Ni, Pd, Pt, Cu, Zn 

10 By adsorption over the solid metal 

surface Methods302-304 

variable Co, Zn, Fe 
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The insertion of metal ions into the porphyrin macrocycle occurs with variable ease; 

commonly used metals such as zinc(ІІ), copper(ІІ) and nickel(ІІ) are simply chelated using the 

corresponding metal acetate salt (Method 1). Initially we applied the acetate method291 for the 

synthesis of metal complexes of TPP (8), TIPP (9) and TDTBPP (10). This method was found to 

be time consuming as well as large volume of chloroform as solvent was required for TPP (8) 

and TIPP (9) because of their low solubility when compared highly soluble TDTBPP (10). 

Alternatively, we developed an environment friendly microwave-assisted method83 for the 

synthesis of metalloporphyrins. It was found to be equally suitable for highly soluble porphyrin 

like TDTBPP (10) and highly insoluble porphyrin like TPP (8) and as well as for moderately 

soluble porphyrin like TIPP (9). We also extended our microwave-assisted method83 for the 

synthesis of beta-formyl metalloporphyrins which will be discussed in details in Chapter 3. 

 

2.6.2 Metallotetraphenylporphyrins by Acetate Method 

5,10,15,20-tetraphenylporphyrinatonickel(ІІ) (44) was prepared by treating  a solution of 

porphyrin (8) in chloroform with a saturated solution of nickel acetate in methanol and the 

resulting reaction mixture was refluxed for four hours. The reaction mixture was concentrated to 

half of its volume and after cooling the metalloporphyrin (44) was obtained in virtually 

quantitative yield. Metalloporphyrins (45) and (46) were also prepared by the same method as 

described for the insertion of nickel (Scheme 2.11). 

 

HNN

NH N

+ M(CH3COO)2

CHCl3

CH3OH
NN

N N

M

Scheme 2.11

(44) M= Ni
(45) M= Cu
(46) M= Zn

(8)

 

 

2.6.3 Metallotetraphenylporphyrins by Microwave Method 

Microwave-assisted solid phase metallation of porphyrin (8) over the dry neutral silica gel 

was also investigated. Our solid phase microwave method for the synthesis and metallation of 
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TPP (8) with the divalent ions of Ni, Cu and Zn produced metalloporphyrins (44), (45) and (46) 

in quantitative yields. The mixture of porphyrin (8) and nickel acetate adsorbed over the dry 

neutral silica gel was irradiated under microwave radiation for 15 minutes to get 

metalloporphyrin (44) in 93% yield.  Metalloporphyrins (45) and (46) were also prepared by the 

same procedure as described for the insertion of nickel (Scheme 2.12). 

In another experiment, propionic acid/silica gel (Section 2.5.2.2) containing synthesized 

crude porphyrin (8) was washed thoroughly with the saturated solution of nickel acetate in 

methanol. After drying, silica gel was irradiated with microwave radiation to get 

metalloporphyrin (44). The same procedure was also repeated for the synthesis of 

metalloporphyrins (45) and (46) (Scheme 2.12). 

 

HNN

NH N

+ M(CH3COO)2

NN

N N

M

Scheme 2.12

(44) M= Ni
(45) M= Cu
(46) M= Zn

(8)

Microwave

Silica Gel as
 Adsorbent

 

 

2.6.4 Metallocomplexes of TIPP (9) by Acetate Method 

The metal acetate method291 as described in the previous section (Section 2.6.2) for the 

synthesis of metalloporphyrins of TPP (8) also worked well for the synthesis of 

metallocomplexes of 5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrin (9) (Scheme 2.13). 
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2.6.5 Metallocomplexes of TIPP (9) by Microwave Method 

After the successful synthesis of metalloporphyrins (47), (48) and (49) by acetate 

method,291 we applied the microwave-assisted method83 for the synthesis of nickel, copper and 

zinc complexes of 5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrin (9). The mixture of 

porphyrin (9) and the nickel acetate was adsorbed over the neutral silica gel and heated under the 

microwave radiations for 15 minutes to produce 5,10,15,20-tetrakis(4′-

isopropylphenyl)porphyrinatonickel(ІІ) (47) in 90% yield. The same procedure was repeated for 

the synthesis of metalloporphyrins (48) and (49) using copper and zinc acetates respectively 

(Scheme 2.14). 

In another experiment, propionic acid/silica gel (Section 2.5.2.3) containing synthesized 

crude porphyrin (9) was washed thoroughly with the saturated solution nickel acetate in 

methanol. After drying, silica gel was irradiated with microwave radiation to get 

metalloporphyrin (47) in 90% yield. The same procedure was also repeated for the synthesis of 

metalloporphyrins (48) and (49) (Scheme 2.14). 
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2.6.6 Metallocomplexes of TDTBPP (10) by Acetate Method 

Initially metal acetate method291 for the synthesis of copper, nickel and zinc complexes of 

TDTBPP (10) was investigated and it gave the satisfactory results. To a solution of porphyrin 

(10) in chloroform was added a saturated solution of nickel acetate in methanol and the resulting 

reaction mixture was refluxed for 4 hours. The reaction mixture was concentrated to half of its 

volume diluted and diluted with methanol to get the metalloporphyrins (50), (51) and (52) 

(Scheme 2.15). 
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2.6.7 Metallocomplexes of TDTBPP (10) by Microwave Method 

Many different types of metal complexes of TDTBPP (10) have been reported and in 

none of the reports the solid phase synthesis and metallation over the solid support using 
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microwave energy was described. The mixture of TDTBPP (10) and the metal acetate was 

adsorbed over the neutral silica gel and irradiated under the microwave to get metalloporphyrins 

(50), (51) and (52) in quantitative yields (Scheme 2.16). 

In another experiment, propanoic acid/silica gel (Section 2.5.2.4) containing synthesized 

crude porphyrin (10) was washed thoroughly with the saturated solution of metal acetate in 

methanol. After drying, silica gel was irradiated with microwave radiation to get 

metalloporphyrin (50), (51) and (52) in quantitative yields (Scheme 2.16). 
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The beauty of our microwave method83 for the synthesis and metallation of porphyrins 

lies in the fact that it is equally applicable for highly insoluble and soluble porphyrins. This 

method also has an advantage that one may utilize the same silica gel (used for the synthesis of 

porphyrin) for the synthesis of metalloporphyrin without any effect on the yield. The acidified 

silica gel containing the crude synthesized porphyrin is simply washed with the saturated solution 

of metal acetate in methanol, dried and heated under microwave to get the metalloporphyrin in 

quantitative yield. 

One pot synthesis of metalloporphyrin (44), (45), (46), (47), (48), (49), (50), (51) and (52) 

was also investigated when mixture of reacting aldehyde, pyrrole, and the corresponding metal 

acetate were simultaneously heated under microwave radiations over neutral silica gel. However, 

the results were not more than 6% probably because of poor synthesis of porphyrin (8), (9) and 

(10) over neutral silica gel. On the other hand, when acidic silica gel was used for one pot 

synthesis of metalloporphyrin (44), (45), (46), (47), (48), (49), (50), (51) and (52) under 

microwave radiations, metallation failed because of the acidic environment. 

Metal complexes of TIPP (9) and TDTBPP (10) were found to be very similar in their 

properties to the corresponding metalloporphyrins of TPP (8), with the one very important 
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difference of solubility. In general the solubility of metalloporphyrins of TDTBPP (10) was much 

more than the corresponding metalloporphyrins of TIPP (9) which were in turn more soluble than 

the corresponding metalloporphyrins of TPP (8). Metalloporphyrins (47), (48), (49), (50), (51) 

and (52) were all fairly soluble in the halogenated solvents, benzene, toluene and in 

tetrahydrofuran (THF). All these metalloporphyrins were reasonably soluble in ethyl acetate and 

even showed slight solubility in methanol and ether. These metalloporphyrins were as expected, 

completely insoluble in water. 

The efficiency of acetate method versus the microwave method in the terms of %age 

yields of metalloporphyrins (44), (45), (46), (47), (48), (49), (50), (51) and (52) is compared in 

Table 2.4. 

 

Table: 2.4: Metallation of TPP (8), TIPP (9) and TDTBPP (10) 

Microwave Power= 250 Watts 

Metalloporphyrin Method Temp. Reaction Time Yield 

NiTPP (44) Acetate Method 

Microwave Method 

 61 °C 

111 °C 

4 hours 

15 minutes 

92% 

93% 

CuTPP (45) Acetate Method 

Microwave Method 

 61 °C 

111 °C 

4 hours 

15 minutes 

93% 

93% 

ZnTPP (46) Acetate Method 

Microwave Method 

 61 °C 

111 °C 

4 hours 

15 minutes 

92% 

94% 

NiTIPP (47) Acetate Method 

Microwave Method 

 61 °C 

111 °C 

4 hours 

15 minutes 

90% 

90% 

CuTIPP (48) Acetate Method 

Microwave Method 

 61 °C 

111 °C 

4 hours 

15 minutes 

93% 

94% 

ZnTIPP (49) Acetate Method 

Microwave Method 

 61 °C 

111 °C 

4 hours 

15 minutes 

93% 

95% 

NiTDTBPP (50) Acetate Method 

Microwave Method 

 61°C 

111°C 

4 hours 

15 minutes 

91% 

92% 

CuTDTBPP (51) Acetate Method 

Microwave Method 

 61°C 

111°C 

4 hours 

15 minutes 

92% 

93% 

ZnTDTBPP (52) Acetate Method 

Microwave Method 

 61°C 

111°C 

4 hours 

15 minutes 

94% 

94% 
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2.6.8 Spectroscopic Characterization of Metallocomplexes of TIPP (9) 

The electronic absorption spectra of metalloporphyrins of TIPP (9) were determined in 

chloroform. All metalloporphyrins showed an intense Soret band at or near 420 nm and a Q-band 

in the region between 500-700 nm. On metallation the typical four band spectrum of the free base 

porphyrin (9) was changed to give a two band spectrum in the visible region; the Soret band is 

retained e.g., NiTIPP (47) showed an intense Soret band at 420 nm along with a Q-band 

consisting of two absorptions at 445 and 530 nm usually called α and β bands (Figure 18.). On 

the other hand Soret band for CuTIPP (48) was observed at 415 nm along with a single Q-band 

absorption at 540 nm (Figure 19). UV-Visible spectrum of ZnTIPP (49) showed a sharp Soret 

band at 425 nm along with a Q- band consisting of two absorptions at 550 and 588 nm (Figure 

20). 

 

      Figure 18: UV-Visible spectrum of NiTIPP (47) in CHCl3 

 

 

      Figure 19: UV-Visible spectrum of CuTIPP (48) in CHCl3 
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      Figure 20: UV-Visible spectrum of ZnTIPP (49) in CHCl3 

 

The FTIR spectra of metalloporphyrins (47), (48) and (49) showed no absorption around 

3315 cm-1 for N-H stretching which was observed in the FTIR spectrum of free base porphyrin 

(9). The mass spectra of NiTIPP (47) showed a molecular ion peak of 75% intensity at 839 along 

with a base peak at 837.7(Figure 21). Molecular ion peak at 844.6 was observed in the mass 

spectra of CuTIPP (48) (Figure 22) whereas the mass spectrum of ZnTIPP (49) showed a 

molecular ion peak at 846.1 (Figure 23). The 1HNMR spectrum of free base porphyrin (9) gave a 

broad singlet at -2.74 δ for the imino protons which disappeared in the 1HNMR spectra of 

NiTIPP (47), CuTIPP (48) and ZnTIPP (49). 
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2.6.9 Spectroscopic Characterization of Metallocomplexes of TDTBPP (10) 

The electronic absorption spectra of metalloporphyrins of TDTBPP (10) were determined 

in chloroform and all of them showed an intense Soret band at or near 420 nm and a Q-band in 

the region between 500-700 nm. e.g., NiTDTBPP (50) showed an intense Soret band at 415 nm 

along with a single Q-band absorption at 530 nm (Figure 24) whereas CuTDTBPP (51) showed 

Soret absorption at 420 nm and Q-band absorption at 540 nm (Figure 25). The ZnTDTBPP (52) 

showed absorptions at 422, 529 and 603 nm (Figure 26). 
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      Figure 24: UV-Visible spectrum of NiTDTBPP (50) in CHCl3 

 

 

      Figure 25: UV-Visible spectrum of CuTDTBPP (51) in CHCl3 
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Figure 26: UV-Visible spectrum of ZnTDTBPP (52) in CHCl3 

 

 

The FTIR spectra of metalloporphyrins (50), (51) and (52) showed no N-H stretching 

absorptions around 3320 cm-1. The mass spectrum of NiTDTBPP (50) showed molecular ion 

peak at 1118 as base peak (Figure 27) whereas the copper analogue (51) produced molecular ion 

peak at 1123 of 23% intensity (Figure 28). The mass spectrum of ZnTDTBPP (52) gave 

molecular ion peak at 1125.2 (Figure 29). 
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Chapter 3 

Synthesis of Formyl Metalloporphyrins 

3.1 Introduction 

Porphyrins are the tetrapyrrolic molecules, the electronic properties of which can be 

tailored by the variation of peripheral substitution or by central atom.115 A single porphyrin 

molecule offers twelve peripheral substitution positions; four meso and eight β-positions. As a 

result peripheral substitution reactions of porphyrin with different functional groups are highly 

important reactions. Known functionalization reactions of porphyrins include sulfonation, 

nitration, halogenation, and Vilsmeier formylation.305, 306 One functional group that allows 

asymmetric modification and is widely used in porphyrin chemistry is the formyl group.307 

Formyl porphyrins are of considerable importance as these are the important precursors for the 

synthesis of multiporphyrin systems225 as well as these can be transformed into biologically 

useful derivatives. The formyl fragment can be used to build up alkenyl and alkyl chains, cyano 

groups, carbonic acids, alcohols and ethers, or they can be use to construct bisporphyrins. 

As a part of our study, a range of different metalloporphyrins were required. In our case, 

formyl metalloporphyrins would provide an access to the ethynyl porphyrins which are required 

for the dimerization to produce metalloporphyrin dimers which are the basic targets in this thesis. 

There are a variety of methods for the formylation of benzenoid and heterocyclic rings, 

although very few have found applications in porphyrin chemistry. These formylation methods 

can be divided into two methods 

1. Direct Method 

2. Indirect Method 

The direct methods include the well documented formylation reactions such as 

Gattermann reaction,308 Gattermann-Koch reaction,309 Riemer-Tiemann reaction310 and Vilsmeier 

or Vilsmeier-Haack reaction.311 In all these methods the formyl group is directly introduced onto 

the aromatic nucleus whereas indirect methods include the processes whereby groups on the 

aromatic nucleus are converted into aldehyde. Most of these procedures consist of oxidation or 

reduction of side chains to the formyl groups. Thus the groups like -CH2Y (where Y= -H, -OH, -

NO2, or -COOH) may be oxidized and the groups like -COOH, -COCl, -COOR, -CN and -

CONR2 may each be reduced to the aldehydic group. 
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3.2 Formylation of Porphyrins 

Porphyrins are large, aromatic compounds. Porphyrins bearing formyl groups are not only 

prepared synthetically but some formyl porphyrins of known structure also occur naturally e.g., 

the iron complexes in the prosthetic groups of the cytochrome oxidase and chlorocruorin312 are 

formyl porphyrins. Similarly chlorophyll b and d are the magnesium complexes of 

formylchlorins. Both naturally occurring as well as the synthetic porphyrins has been formylated 

by different methods but the most popular method is the Vilsmeier reaction. Vilsmeier is a 

classical organic name reaction invented by Anton Vilsmeier in 1927.311 The reaction is a useful 

variant of the Friedel-Crafts acylation and introduces aldehyde functionality to aromatic 

molecules. Although the reaction was first used only for activated aromatics and hetero 

aromatics, it has also shown its compatibility for aliphatic substrates.313  

It was first introduced into the porphyrin chemistry in 1966 by Inhoffen et al.
56 Since that 

time it has been routinely exploited as a highly efficient means for the introduction of 

substituents into the meso position of numerous copper(ІІ) and nickel(ІІ) porphyrins and chlorins. 

Inhoffen et al.
56 studied Vilsmeier formylation reactions on a number of porphyrins. After 

Inhoffen many authors employed the Vilsmeier reagent for the formylation of different 

porphyrins e.g., Schlozer and Fuhrhop314 have reported the synthesis of copper formyl porphyrin 

(54) from copper porphyrin (53) by treatment with Vilsmeier reagent (Scheme 3.1). 

 

N

N N

N

DMF/POCl3

N

N N

N

CHOCu

(53) (54)

Scheme 3.1

Cu

 

 

Watanabe et al.
315 examined Vilsmeier reactions over a number of 

metallooctaethylporphyrins. Similarly, Vilsmeier formylation of the tetra-p-tolylporphyrin 

complexes and the effect of metals on the rate of formylation of these complexes are reported in 

the literature by Buchler et al.
73b Authors related the rate of formylation to the oxidation state of 

the metal. According to them the central metal in the series MІІ > MІІІ > MІV, because the 

negative net charge of the porphyrin ligand decreases accordingly. 
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Formylation is an electrophilic substitution reaction which may be achieved only by the 

protection of the porphyrin inner nitrogens against protonation. Metal ion coordination provides 

such protection. There are several criteria which must be considered in the choice of the metal. 

1. the metalloporphyrin must not be demetallated under the formylation conditions 

2. having served its purpose, the metal ion must be able to be removed under conditions 

which do not effect the introduced formyl group or a functional group that the formyl 

group has been subsequently converted into 

3. Metals may be selected which may direct the formyl group to a β-pyrrolic or meso 

position of the porphyrin periphery 

It has previously been noted that porphyrins can be formylated at the beta or meso 

position of the porphyrin periphery when the reaction is carried out on the nickel or copper 

chelates.56, 314, 316 Nickel(ІІ) and copper(ІІ) were used for the protection of the porphyrin inner 

nitrogens against protonation, as the derived metalloporphyrins are stable to hydrochloric acid, 

which is liberated during the reaction, and these metals can often be removed after reaction 

completion. 

A mixture of dimethylforamide (55) and phosphorous oxychloride (56) is the most 

commonly used Vilsmeier reagent for the formylation of aromatic nuclei. The electrophilic 

reagent in the Vilsmeier reaction is a chloroimmonium ion (57). This electrophilic 

chloroimmonium ion (57) reacts with the metalloporphyrin (58) as shown in scheme 3.2. The 

initially formed product, an α-chlorimine (59), hydrolysis rapidly during a basic work up usually 

using aqueous acetate to afford the aldehyde (60). 
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Although a mixture of dimethylforamide (55) and phosphorus oxychloride (61) is the 

most commonly used Vilsmeier reagent, some other disubstituted foramides have also been 

employed. Smith and Langry317 also used the Vilsmeier reagent for the study of the formylation 

of copper(ІІ)deuteroporphyrin-ІX dimethylester (62), however they employed N,N-di-

isobutylforamide in place of dimethylforamide. They first crystallized the imine salt complex by 

the treatment of N,N-di-isobutylforamide (61) with phosphoryl chloride at the room temperature 

and then added copper(ІІ) deuteroporphyrin-ІX dimethylester (62) to the solid salt, followed by 

addition of dry 1,2-dichloroethane. They obtained a mixture of formylporphyrin (63) and (64) in 

a combined yield of 56% (Scheme 3.3). 
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The use of a sterically hindered Vilsmeier reagent, according to the authors inhibits meso-

formylation thus increasing the chances of the β-pyrrolic formylation. They observed a two fold 

increase in the proportion of pyrrole formylated product (β-position), over that obtained by 

Inhoffen et al.
56 They also observed a substantial reduction in the amounts of meso-formylated 

products. 

The Vilsmeier procedure sometimes results in the formation of a complicated formyl 

mixture especially in those porphyrins where both the meso and β-pyrrolic positions are available 

for functionalization.56, 317 One of the methods employed for the formylation of only the pyrrole 

positions of the porphyrins is Fischer’s dichloromethyl methyl ether route.318 Monforts et al.
319 

described the formylation of copper(ІІ) deuterioporphyrin-ІX dimethyl ester (62) with trimethyl 

orthoformate in trifluoroacetic acid (Scheme 3.4). 
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In 2008, Takanami and co-workers320 reported a simple one pot method for the synthesis 

of meso-formyl free base porphyrins from 5,15-substituted porphyrins. They make use of (2-

pyridyldimethylsilyl)methyl group as a potential synthon for the synthesis of formyl group. 

Basically their reaction involves a SNAr reaction with (2-pyridyldimethylsilyl)methyl lithium 

(PyMe2SiCH2Li)321 (65) followed by hydrolysis and oxidation. They applied this synthetic 

procedure to a range of 5,15-diaryl- and 5,15-dialkyl-substituted free base porphyrins as well as 

to their copper and nickel metallo complexes (Scheme 3.5).  

 



83 

 

N HN

NNH

Ph Ph

SNAr

N HN

NNH

Ph Ph

H H

H

Si CH3H3C

N

Oxidation
N HN

NNH

Ph Ph

Si CH3H3C

N

Oxidation
N HN

NNH

Ph Ph

HO

N HN

NNH

Ph Ph

H O

(i) (ii) HCl (iii) DDQ

Scheme 3.5

(65)

(65)

Oxidation

 

 

A group of Russian scientists82 studied the β-formylation of platinum complexes of 

deuteroporphyrin IX derivatives with the Vilsmeier reagent. A classic synthon is the 1,3-dithiane-

2-yl residue which was developed by Seebach and Corey.322 In 2004, a significant progress was 

made by Senge group323 for the synthesis of meso-formylporphyrins through a stepwise 

procedure that involves a nucleophilic addition (SNAr reaction) of 2-lithio-1,3-dithiane (66) to 

5,15-disubstituted porphyrins to generate the corresponding meso-(1,3-dithianyl)-porphyrins and 

the subsequent oxidative conversion of the dithianyl group into the -CHO group ( Scheme 3.6).  
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The dithianyl synthon was used in a variety of ways for the synthesis of porphyrins via 

condensation reactions. They successfully demonstrated the usefulness of dithianyl synthon for 
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the synthesis of different porphyrins having two to four dithianyl residues which upon oxidation 

were converted into the formyl groups (Scheme 3.7). 
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This creative approach is simple in its operation and can be applied under basic 

conditions for the preparation of meso-formylated Ni(II) complexes with yields ranging from 

50% to 54%. However, unfortunately, when free base porphyrins are used as the substrates, a 

maximum of 47% yield was obtained. 

Trova et al.
324 described the condensation reaction of dipyrromethane bearing a 5-

carboethoxy or 5-N,N-dimethylaminocarbonyl group with an aldehyde to give the corresponding 

trans-A2B2 porphyrin. Such groups upon further transformation can generate the meso-formyl 
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porphyrins. This idea was explored by Lindsey group325 after reporting a new rout for the 

synthesis of meso-formyl porphyrins. Their approach for the synthesis of free base porphyrins 

bearing one or two (cis or trans) meso-formyl groups utilizes the dipyrromethane bearing an 

acetal group at the 5-position or a dipyrromethane-1-carbinol possessing an acetal group at the 5-

position or carbinol position, and a dipyrromethane-1,9-dicarbinol having an acetal group at a 

carbinol position. Acid hydrolysis of the resulting meso-acetal substituted free base porphyrin 

produces the corresponding meso-formyl porphyrin (Scheme 3.8). 
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Silva and co-workers326 have reported the synthesis of β,
΄
β-diformyl-meso-

tetraphenylporphyrins and metalloporphyrins by conventional Vilsmeier formylation method. 

The diformyl metalloporphyrins were synthesized by a modification of the standard Vilsmeier 
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formylation conditions. An excess of POCl3-DMF in 1,2-dichloroethane was made to react with 

metalloporphyrin (44) for 48 hours. In this way, the diformyl derivatives (67a-71a) were obtained 

in the 31% yield in addition to the mono formyl product. They also prepared the five diformyl 

metalloporphyrins (67a-71a) in 71% yield by the direct formylation of the mono-β-formyl 

metalloporphyrin (Scheme 3.9). 
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Senge group327 prepared the formyl substituted free base porphyrins and 

metalloporphyrins by using 1,3-dithian-2-yl residue as a precursor for the synthesis of formyl 

group. The reaction of n-butyllithium with 1,3-dithiane at -30 °C in THF under inert atmosphere 

gives the classical umpolung synthon for the formyl group, 1,3-dithian-2-yl. Investigation of this 

reaction was carried out with 5,15- disubstituted porphyrins (72-77) at -78 °C in THF under an 

inert atmosphere of argon. N,N,N',N'-tetramethylethylenediamine (TMEDA) was used to promote 
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the substitution reaction and after some time the reaction was quenched with water. The products 

were oxidised by DDQ to give corresponding mono-1,3-dithian-2-yl-substituted porphyrins (72a-

77b) in 4-53% yield (Scheme 3.10). Subsequent treatment with DDQ and BF3·OEt2 produce 

formylporphyrins (72b-77b) in varying yields ranging from 39-94%. Porphyrins complexed with 

nickel generally showed higher yields than the free-base porphyrins. 
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After successful synthesis and metallation of porphyrins over the solid phase, we 

extended our method for the synthesis of β-formyl metalloporphyrins. Initially, we tested the 

classical Vilsmeier method utilizing three different formylating salts (POCl3/DMF, 

POCl3/NMFA and SOCl2/DMF) for the introduction of formyl group onto metalloporphyrin 

NiTPP (44), CuTPP (45), NiTIPP (47), CuTIPP (48), NiTDTBPP (50) and CuTDTBPP (51). In a 

typical reaction, dry neutral silica gel containing metalloporphyrin NiTPP (44), CuTPP (45), 

NiTIPP (47), CuTIPP (48), NiTDTBPP (50) or CuTDTBPP (51) was mixed with the Vilsmeier 

salt (prepared from DMF and POCl3 or POCl3 and NMFA or SOCl2 and DMF) already adsorbed 

over silica gel. On microwave irradiation, demetallattion was exclusively observed. When all 

attempts to formylate the metalloporphyrin NiTPP (44), CuTPP (45), NiTIPP (47), CuTIPP (48), 

NiTDTBPP (50) and CuTDTBPP (51) by Vilsmeier formylation over silica gel solid support 

under microwave radiations were failed, we decided to apply Duff reaction for the synthesis of β-

formylmetalloporphyrins. 

Duff reaction also called hexamine aromatic formylation is a formylation reaction used in 

organic chemistry for the formylation of aromatic compounds having strongly activating 

substituents such as hydroxyl group on phenol. The electrophilic species in this electrophilic 
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substitution reaction is the iminium ion and hexamine act as a carbon source of the formyl group. 

The initial reaction product is an iminium which is hydrolyzed to the -CHO group (Scheme 

3.11). 

 

 

(Scheme 3.11) 

 

As in the case of solid phase synthesis and metallation of porphyrins, silica gel was 

chosen as a support. The major problem for the utilization of Duff reactions was the requirement 

of strong acidic environment, and under such conditions metalloporphyrins demetallate.328 To 

overcome this problem, we decided to test the suitability of acidic silica gel under solventless 

conditions. This technique worked well for the formylation of nickel and copper complexes of 

TPP (8), TIPP (9) and TDTBPP (10). The possible synthetic route is illustrated in Scheme 3.12 

and the results are summarized in Table 3.1. 
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Table 3.1: Solventless synthesis of Porphyrins. 

Microwave Power= 200 Watts; Time= 18 minutes; Temperature= 111 °C 

Mixture on H+ Silica Gel Product % Yield 

Urotropine and NiTPP (44) 

Urotropine and CuTPP (45) 

Formyl metalloporphyrin (78) 

Formyl metalloporphyrin (79) 

54 

53 

Urotropine and NiTIPP (47) 

Urotropine and CuTIPP (48) 

Formyl metalloporphyrin (80) 

Formyl metalloporphyrin (81) 

54 

54 

Urotropine and NiTDTBBP (50) 

Urotropine and CuTDTBBP (51) 

Formyl metalloporphyrin (82) 

Formyl metalloporphyrin (83) 

50 

51 

 

3.3 Preparation of H2SO4/silica gel 

All Duff formylation reactions were performed over the acidified silica gel which was 

prepared from the conc.H2SO4. For this purpose conc.H2SO4 and silica gel were mixed in a 

mortar. The resultant mixture was dried in an oven at 90 °C for 12 hours to get acidic silica gel as 

white powder. 
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3.4 Synthesis of Formyl metalloporphyrins 

Majority of the workers had employed the Vilsmeier formylation procedure for the 

synthesis of formyl metalloporphyrins and also was no report of Duff formylation of 

metalloporphyrins. We for the first time reported the use of inorganic polymer solid support for 

synthesis, metallation, and Duff formylation of porphyrins and/or metalloporphyrins under 

microwave radiations. 

 

3.4.1 Synthesis of Formyl metalloporphyrin (NiTPPCHO) (78) 

One of the advantages of nickel derivatives over their analogous copper derivatives is 

their easy identification by the 1HNMR spectrum. 2-formyl-5,10,15,20-

tetraphenylporphyrinatonickel(ΙΙ) (NiTPPCHO) (78) was synthesized by reacting urotropine and 

metalloporphyrin NiTPP (44) over acidic silica gel under microwave heating. The detailed 

procedure involved the mixing of urotropine and NiTPP (44) in an agate mortar. These were 

doped on H2SO4/silica gel and heated under microwave in an open quartz flask having an outer 

solvent circulating jacket for the control of temperature [dry media procedure (ii) with controlled 

temperature]. After cooling, water was added and reaction mixture was stirred at room 

temperature for 30 minutes. Water was removed by filtration and the residue was dried in a 

vacuum desiccator. It was applied onto the top of a silica column and eluted with chloroform: 

petroleum ether; b.p 60-90 °C (2:1). The fast moving band was collected and the solvent was 

evaporated to get NiTPPCHO (78). Its FTIR spectrum showed a sharp peak at 1670 cm-1 for 

carbonyl group. 

 

3.4.2 Synthesis of Formyl metalloporphyrin (CuTPPCHO) (79) 

Metalloporphyrin CuTPP (45) and urotropine were powder together in an agate mortar. 

This mixture was doped on H2SO4/silica gel and heated under microwave according to dry media 

procedure (ii) with controlled temperature. After cooling, water was added and reaction mixture 

was stirred at room temperature for 30 minutes. Water was removed by filtration and the residue 

was dried in a vacuum desiccator. It was applied onto the top of a silica column and eluted with 

chloroform: petroleum ether; b.p 60-90 °C (2:1). The fast moving band was collected and the 

solvent was evaporated to get 2-formyl-5,10,15,20-tetraphenylporphyrinatocopper(ΙΙ) 

CuTPPCHO (45). Its FTIR showed a sharp carbonyl peak at 1660 cm-1. 
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3.4.3 Synthesis of Formyl metalloporphyrin (NiTIPPCHO) (80) 

Very little work has been reported in the literature using TIPP (9) or its metal complexes 

and there are no reports of its microwave-assisted formylation. Urotropine and metalloporphyrin 

(47) were powder together in an agate mortar. These were doped on 

H2SO4/silica gel and heated under microwave according to dry media procedure (ii) with 

controlled temperature. After cooling, water was added and reaction mixture was stirred at room 

temperature for 30 minutes. Water was removed by filtration and the residue was dried in a 

vacuum desiccator. It was applied onto the top of a silica column and eluted with a mixture of 

chloroform and petroleum ether; b.p 60-90 °C (2:1). The fast moving band was collected and the 

solvent was evaporated to get 2-formyl-5,10,15,20-tetrakis(4′-

isopropylphenyl)porphyrinatonickel(II) (NiTIPPCHO) (80).  

Its FTIR spectrum showed a strong absorption at 1669 cm-1 due to the carbonyl group 

whereas its 1HNMR showed one proton singlet at 9.34 ppm due to the formyl proton and another 

singlet at 9.30 ppm due to C3H. The mass spectrum of NiTIPPCHO (80) showed 1% molecular 

ion peak at 867 and a base peak at 413 (Figure 30).  

 

 

Figure 30: Mass spectrum of NiTIPPCHO 

 

The UV-Visible spectrum of NiTIPPCHO (80) was determined in chloroform and it 

showed three absorptions at 435, 545 and 585 nm (Figure 31). 
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       Figure 31: UV-Visible Spectrum NiTIPPCHO (80) in CHCl3 

 

3.4.4 Synthesis of Formyl metalloporphyrin (CuTIPPCHO) (81) 

2-formyl-5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrinatocopper(II) (CuTIPPCHO) 

(81) was prepared from the metalloporphyrin (48) by the similar method as described earlier for 

the synthesis of NiTIPPCHO (80). 

Its FTIR spectrum also showed a strong absorption at 1670 cm-1 and UV-Visible 

spectrum in chloroform showed Soret absorption at 430 nm along with two Q-band absorptions 

at 550 and 595 nm (Figure 32). Its mass spectrum showed a molecular ion peak of 3% intensity 

at 872 along with a base peak at 349 (Figure 33). 

 

 

       Figure 32: UV-Visible Spectrum CuTIPPCHO (81) in CHCl3 
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          Figure 33: Mass Spectrum of CuTIPPCHO (81) 

 

3.4.5 Synthesis of Formyl metalloporphyrin (NiTDTBPPCHO) (82) 

NiTDTBPP (50) was mixed well with urotropine in an agate mortar to get very fine 

mixture. This mixture was doped over the H2SO4/silica gel and heated under microwaves 

according to dry media procedure (ii) with controlled temperature. After cooling, water was 

added and reaction mixture was stirred at room temperature for 30 minutes. Water was removed 

by filtration and the residue was dried in a vacuum desiccator. It was applied onto the top of a 

silica column and eluted with a mixture of chloroform: petroleum ether; b.p 60-90 °C (2:1). The 

fast moving band was collected and the solvent was evaporated to get 2-formyl-5,10,15,20-

tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatonickel(II) (NiTDTBPPCHO) (82).  

Its FTIR spectrum showed a sharp peak at 1680 cm-1 for carbonyl group and the UV-

Visible spectrum in chloroform showed Soret band at 435 nm along with two Q-band absorptions 

at 545 and 585 nm (Figure 34). The 1HNMR spectrum showed a one proton singlet at 9.34 ppm 

due to the formyl group and another one proton singlet at 9.03 ppm due to C3H. The mass 

spectrum showed 1% molecular ion peak at 1147 (Figure 35).  
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       Figure 34: UV-Visible Spectrum NiTDTBPPCHO (82) in CHCl3 

 

 

 

     Figure 35: Mass Spectrum of NiTDTBPPCHO (82) 

 

3.4.6 Synthesis of Formyl metalloporphyrin (CuTDTBPPCHO) (83) 

2-formyl-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatocopper(II) 

(CuTDTBPPCHO) (83) was prepared from CuTDTBPP(51) by the same method as previously 

described for the synthesis of NiTDTBPPCHO (82). 

The FTIR spectrum of CuTDTBPPCHO (83) showed a sharp absorption peak at 1671 cm-

1 due to the formyl group. Since copper was the chelated metal, so no meaningful 1HNMR 

spectrum could be obtained because of peak broadening. The mass spectrum of CuTDTBPPCHO 

(83) showed a molecular ion peak of 3% intensity at 1154 and a base peak at 349 (Figure 36). 
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The UV-Visible spectrum of CuTDTBPPCHO (83) in chloroform showed three absorptions at 

430, 550 and 595 nm (Figure 37). 

 

 

 

     Figure 36: Mass Spectrum of CuTDTBPPCHO (51) 

 

 

 

       Figure 37: UV-Visible Spectrum CuTDTBPPCHO (83) in CHCl3 
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Chapter 4 

Synthesis of Ethynyl Metalloporphyrins 

4.1 Introduction 

The electronic properties of linear π-conjugated polymers can be tuned by the 

introduction of aromatic systems, electron donating or withdrawing substituents into its main 

skeleton.329 Such π-conjugated polymers have been widely investigated as organic conductors, 

multifunctional sensors, field effect transistors and as photovoltaic devices.330, 331 Recent 

researches in the field of optoelectronics have opened a new horizon for the use of porphyrins as 

advanced materials and as molecular wires.332 The high polarizability, strong optical oscillator 

strength and non-linear optical behavior of porphyrins are the desired properties required for 

ultrafast switching technology. Because of extensive conjugation, porphyrin monomer has a 

small energy gap between the highest occupied molecular orbital (HOMO) and the lowest 

unoccupied molecular orbital (LUMO).221  

Extension of conjugation outside the porphyrin/metalloporphyrin ring is usually used to 

create the red shift in the electronic spectra of porphyrins and metalloporphyrins. A single 

molecule of porphyrin/metalloporphyrin offers twelve peripheral substitution positions on which 

a variety of functional groups have been introduced. But in the majority of cases, complete 

electronic communication between the π-electrons of the porphyrin or metalloporphyrin ring and 

the moiety attached to the porphyrin or metalloporphyrin ring failed because of the steric 

hindrances. In fact, phenyl or alkyl groups attached to the meso or beta positions are twisted due 

to the steric hindrance at the porphyrin peripheries, resulting in limited π overlap.81 

During the last 20 years, there has been a considerable research directed towards the 

synthesis of multiporphyrin systems having 1,3-butadiyne linker. 222 Because of its cylindrical 

symmetry 1,3-butadiyne linker is an efficient bridge to facilitate the conjugation between the 

linked porphyrin or metalloporphyrin macrocycles in any plane. Such extended conjugated 

systems are expected to have lower HOMO-LUMO energy gaps than their parent monomeric 

porphyrins or metalloporphyrins. Such systems could allow the direct electronic communication 

between the linked porphyrins in any plane and therefore be of interest in the field of molecular 

electronics and for the manufacturing of photovoltaic devices. 

One of the major aims of this research work was the construction of the dimmeric 

porphyrin and/or metalloporphyrin systems in which large degree of electronic communication 

exists between the two linked porphyrins and/or metalloporphyrins. We selected diacetylene or 
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1,3-butadiyne as the linker between the two porphyrins as we believe that first, 1,3-butadiyne 

group has the ability to connect the two porphyrins together without suffering from a great steric 

hindrance as other systems such as those described in Figure 14 and 15. Secondly the 

diacetylenes or 1,3-butadiyne appeared to be synthetically accessible via the dimerization of the 

corresponding ethynyl porphyrins. Ethynyl porphyrins were thus required for their onward 

dimerization to the diethynyl di-porphyrins systems. 

Having procured a range of different formyl metalloporphyrins, the next target was their 

conversion into the corresponding ethynyl porphyrins. There is a great interest in the 

development of methods for introducing an ethynyl group into organic structures. Different 

methods are reported in the literature for the conversion of aldehydes to terminal ethynes and 

many advances have been made in the recent years. 

 

4.2 Conversion of Aldehyde group to an Ethynyl group 

One of the possible ways for the synthesis of ethynyl group from the formyl group is outlined 

below. 

1. Conversion of formyl group into alkene 

2. Halogenation of alkene to form di-haloalkenes 

3. Dehydrohalogenation of di-haloalkenes to form haloalkene and finally 

4. Dehydrohalogenation of haloalkene to produce ethyne group. 

 

4.2.1 Conversion of Formyl group into Alkene 

The formyl group can be transformed into the alkenes by one of the following methods. 

1. Nucleophilic addition of the Grignard reagent to the formyl group to produce alcohols 

and their subsequent dehydration to generate alkenes 

2. Wittig reactions 

3. Organometallic promoted conversion of aldehydes into alkenes 

 

4.2.1.1 Nucleophilic addition of Grignard Reagents 

The reaction of Grignard reagents with carbonyl compounds to produce alcohols  is one 

of the most fundamental and versatile reaction in organic chemistry and has wide spread 

applications.333, 334 Porphyrins react readily with nucleophiles such as Grignard reagents at the 

meso and β-positions.128f, 73a Formyl groups yield alcohols on their reaction with the Grignard 

reagents and subsequent hydrolysis. These alcohols can be then converted to alkenes by 

dehydration. 
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There are many reports of the reaction of formyl porphyrins with Grignard reagents to 

produce alcohols. In 1978, Arnold et al.
225 reported the reactions of 5-formyl- 

2,3,7,8,12,13,17,18-octaethylporphyrinatonickel(ΙΙ) (NiOEPCHO) (84) with appropriate 

Grignard reagents to form methyl and phenyl carbinols derivatives as shown in the scheme 4.1. 
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Their procedure involved the reaction of NiOEPCHO (84) in dry THF with methyl 

magnesium iodide in dry ether for 12 hours at room temperature after which it was hydrolyzed 

with the saturated solution of ammonium chloride to produce red colored methyl carbinol (85). 

They used this crude methyl carbinol (85) without purification for the dehydration step with 

toluene-p-sulphonic acid in dry benzene. They have also reported the use of phenyl magnesium 

bromide for the synthesis of phenyl carbinol (86) under the similar conditions as described for 

the synthesis of (85). The phenyl carbinol (86) was purified by column chromatography on 

alumina.  

Smith et al.
128f in 1996, described the meso-alkylation of free base and zinc(ΙΙ) complex 

of meso-formyloctaethylporphyrin with Grignard reagents such as methyl magnesium bromide, 

ethyl magnesium bromide and benzyl magnesium chloride. Contrary to the results of the Arnold 

et al.225, they isolated the unexpected 5-formyl-15-alkylporphyrin through the formation of 

phlorin intermediate (Scheme 4.2). 
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Crossley group73a reported the reaction of a variety of Grignard reagents with the 

copper(ΙΙ), nickel(ΙΙ) and zinc(ΙΙ) complexes of 2-nitro-5,10,15,20-tetraphenylporphyrin. They 

observed the β-alkylation of the porphyrin in moderate to good yield accompanied by the loss of 

nitro group. They also proposed the mechanism for such kind of reactions.  

The work of Arnold225 and Smith128f for the synthesis of various derivatives of OEP (12) by 

Grignard chemistry raised the interest of Senge group to test whether the more easily accessible 

organolithium reagents can react under mild conditions with 2-formylporphyrins. In 1999, 

Senge335 reported the reactions of β-formyl porphyrins with organolithium and Grignard reagent. 

The use of methyl lithium resulted in numerous side reactions and alternatively they employed a 

modern Grignard reagent. The reaction of 5,10,15,20-tetrakis(1-ethylpropyl)porphyrinatonickel 
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(ΙΙ) (87) with (trimethylsilyl)methylmagnesium chloride resulted in the formation of an acid 

sensitive alcohol which produced β-vinylporphyrin (88) (Scheme 4.3). In this way for the first 

time they applied the Peterson olefination to the β-position for the synthesis of vinyl substituents 

in porphyrins. Porphyrin (88) was obtained in 80% yield. 
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In 2007, once again Senge group327 explored the Grignard and Wittig reactions of meso-

formyl porphyrins. They investigated the reaction of mono- and di-formyl-5,15-substituted 

porphyrins with ethyl magnesium bromide, phenyl magnesium bromide and allyl magnesium 

bromide in the atmosphere of argon. According to the authors, the reaction of 5,15-dihexyl-

10,20-diformylporphyrinatonickel(ΙΙ) on reaction with ethyl magnesium bromide and allyl 

magnesium bromide produced unstable carbinols. To support their investigation, authors purified 

the resulting carbinols by column chromatography for 1HNMR analysis. However, according to 

the authors, no further analysis was performed because of the decomposition of the carbinols. In 

contrast, the products of the mono-formyl porphyrins with ethyl and allyl magnesium bromide 

were found to be stable. 

Direct meso alkylation of 5-formyloctaethylporphyrin and its zinc complex was observed 

by Smith and co-workers128f (Scheme 4.2).  However, Senge group327 did not observed any such 

kind of reaction opposite to the formyl group. 

 

4.2.1.2 Dehydration of Carbinols 

Alcohols may be dehydrated to alkenes on heating with strong acids. Sulphuric acid and 

phosphoric acids are common dehydrating reagents. Arnold et al.
225 reported the dehydration of 

carbinol porphyrin (85) to the corresponding ethenyl octaethylporphyrin (NiOEPCH=CH2) (89) 

using p-toluenesulphonic acid (Scheme 4.4). 
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They obtained 50% yield of the ethenyl porphyrin (89) based on the formyl porphyrin 

(84). The product (89) showed identical spectral properties as quoted by Callot336for the same 

compound prepared via Wittig reaction (Scheme 4.5).  
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4.2.1.3 Halogenation of Ethenyl Porphyrins 

The alkenes obtained by the above sequence of reactions can be halogenated to form the 

halo alkenes which on subsequent dehydrogenation form the desired ethyne. One of the 

halogenated agents reported for the halogenation of ethenyl porphyrin is pyridinium 

hydrobromide perbromide (90). Arnold et al.
225 used this salt for the bromination of 

NiOEPCH=CH2 (89)  (Scheme 4.6) and obtained a mixture of (E) and (Z) bromoalkenes (91) 

and (92) respectively in the yield of 14 and 48% respectively. 
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4.2.1.4 Dehydrohalogenation of Haloethenyl Porphyrins 

Dehydrohalogenation of the haloalkenes generally yield acetylenes, and constitute the 

most important method for the synthesis of this class of compounds. Dehydrohalogenation is 

usually carried out in the presence of the bases such as alkali metal hydroxide or alkoxides. 

Arnold et al.225 used sodium hydride as the base for the conversion of the haloethenylporphyrin 

(91) and (92) into the ethynyl porphyrin (93) (Scheme 4.7). 
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According to the authors, ethynyl porphyrin (93) was unstable to column chromatography 

or thin layer chromatography and could not be obtained in the pure form. A sample of only ca. 

80% purity was isolated. The peaks at 3315 and 2029 cm-1 in the IR spectrum were attributed to 

the (≡C−H) and (C≡C) stretches. The UV-Visible spectrum showed peaks at 417, 549 and 592 

nm. 

Gosper and Ali227 in a communication reported the dehydrohalogenation of more soluble 

chloroethenylporphyrin (94) and (95) by using an excess of potassium-tert-butoxide in dry THF 



103 

 

(Scheme 4.8). Unlike the ethynyl porphyrin (93), the ethynyl porphyrin (96) was found to be 

stable to column chromatography over silica. 

 

Scheme 4.8
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Initially, we repeated the Grignard synthetic procedure for the synthesis of carbinols 

followed by dehydration to give ethenyl porphyrins. We were having a plan to halogenate the 

ethenyl porphyrins followed by their dehydrohalogenation to produce ethynyl porphyrins. But in 

our hands this procedure gave a number of very poor yielding reactions (Section 4.41). Also, we 

realized that Grignard path for the conversion of formyl porphyrins into ethynyl porphyrins is a 

lengthier method. Given the problems associated with the preparation of the ethynyl porphyrins 

by the multistep procedure, other methods were considered. 

An alternative route for the conversion of a formyl group to an ethynyl group or a 

haloethenyl group involves the application of the Wittig reaction or organometallic promoted 

methylenation of aldehydes. These procedures are described in the coming sections. A general 

scheme of the reactions showing the conversion of the formyl group to an ethynyl group via 

different methods is depicted below (Scheme 4.9). 
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4.3 Wittig Reaction 

Wittig reaction has extensively been used for the synthesis of alkenes.337 It usually refers 

to the reaction of a carbonyl compound with an ylide to form an alkene. Three main types of 

ylides, phosphorous, nitrogen and sulphur are common (Figure 38), although arsenic and 

selenium ylides are also known. 

 

R3P CHR2 R2S CR2 R2S CR2
R3N CR2

Figure 38:Phosphorous, Sulphur and Nitrogen ylide  

 



105 

 

The most important of these ylides is the phosphorous ylide because of its high stability 

due to pπ-dπ bonding. Because of this bonding two conical forms can be written for the 

phosphorous ylides as shown in Figure 39. 

 

Figure 39: Resonance in phosphorous ylide

P C P C

 

 

A large number of phosphorous ylides with a variety of substituents on the phosphorous 

and/or the carbanion carbon of the ylides are reported in the literature. However, the 

triphenylphosphonium ylides appear to be the most commonly used ylides because of the easy 

availability of the triphenylphosphine needed for its preparation. They are usually prepared in 

situ by the reaction of a base with the corresponding phosphonium salts. These ylides react with 

the carbonyl containing compounds to form the alkenes or halo-alkenes (when halo substituted 

phosphorous ylide is used). The haloalkenes can be used for the synthesis of terminal ethyne by 

the treatment with an appropriate base (Scheme 4.9). The beauty of the halomethylenation of 

aldehydes by Wittig reaction is that it could be possible to stop the reaction either at the 

haloalkene stage or produce the terminal ethyne in the same reaction vessel by the addition of an 

excess of a base. The first equivalent of the base is used for the deprotonation of the 

phosphonium salt to obtain the ylide. Addition of further equivalents would facilitate 

dehydrohalogenation, thus giving a route for the one step conversion of the formyl group into an 

acetylenic function. This one step formyl to ethynyl conversion has been reported by some 

authors that will be discussed later. 

 

4.3.1 Mechanism of the Wittig Reaction 

The Wittig reaction involves the nucleophilic attack of an ylide carbanion on the carbonyl 

carbon to form the betaine intermediate (97). The reaction is completed by the transfer of the 

oxyanion to phosphorous, affording phosphine oxide and an alkene (Scheme 4.10). The major 

driving force behind the reaction is the formation of the highly stable phosphorous-oxygen bond. 

One of the prerequisites for the Wittig reaction is the ylide, which is obtained by the 

deprotonation of the phosphonium salt (Scheme 4.10). 
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4.3.2 Preparation of Phosphonium Salts 

Majority of the quaternary phosphonium salts are prepared by the nucleophilic 

substitution reactions of tertiary phosphines with alkyl halides. As a result, phosphonium salts are 

formed which are ultimately converted to ylides. The only condition for the generation of an 

ylide from a phosphonium salt is that it must carry at least one alkyl group which, in turn, must 

have at least one hydrogen atom. The most common route for the synthesis of the quaternary 

phosphonium salt is the alkylation of a tertiary phosphine (PR3). The symmetrical tertiary 

phosphines are readily available and used for alkylation. The phosphine most often used for 

alkylation is triphenylphosphine. 

In 1894, Michaelis and Gimborn338 reported the synthesis of phosphonium ylides by the 

alkylation of triphenylphosphine with ethyl chloroacetate (Scheme 4.11). 

 

Scheme 4.11

P + ClCH2COOC2H5 Ph3PCH2COOC2H5Cl

 

 

After this report a number of analogous alkylations of triphenylphosphine have been 

reported. In our case, bromomethyltriphenylphosphonium bromide (98) was synthesized and 

used for the synthesis of haloalkenes. 

 

4.3.3 Synthesis of Bromomethyltriphenylphosphonium bromide (98) 

Bromomethyltriphenylphosphonium bromide (98) was prepared according to the 

procedure reported by Wolinsky and Erickson.339 The procedure involved the reflux of 

dibromomethane with triphenylphosphine in dry toluene to get the white precipitates of the ylide 

(98). 
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4.3.4 Application of Phosphonium salts for the Synthesis of Haloalkenes 

Bromomethyltriphenylphosphonium bromide (98) and chloromethyltriphenylphosphonium 

salts have been successfully used for the synthesis of a variety of aromatic haloalkenes which 

were further converted into the terminal alkynes. The reaction of bromo-Wittig salt 

(bromomethyltriphenylphosphonium salt) with carbonyl containing compounds had been studied 

by Matsumoto and Kuroda340 for the synthesis of a range of 1-bromoalkene and terminal alkynes 

starting from aromatic aldehydes. They obtained the terminal alkynes when the reaction was 

performesd in the excess of the potassium tert-butoxide base (Scheme 4.12). 

 

Scheme 4.12
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Like bromomethylenation, chloromethylenation of carbonyl compounds utilizing Wittig 

reactions has also been reported by some authors.341, 342 Miyano et al.
343 have reported the 

synthesis of a number of chloro-alkenes and alkynes. They employed chloromethylphosphonium 

iodide for in situ generation of an ylide upon treatment with potassium tert-butoxide. They also 

obtained the terminal alkynes when they used excess of potassium tert-butoxide base. A number 

of other related halo-Wittig reactions are also reported in the literature involving different types 

of bases for the deprotonation of the phosphonium salts as well as for the dehydrohalogenation of 

the halo-alkenes formed during the reaction. 

Corey and Fuchs344 have reported the synthesis of ethynyl group from the formyl group 

by employing Wittig reaction which in turn makes use of dibromomethylene 

triphenylphosphorane. This phosphonium salt was prepared from carbon tetra bromide and 

triphenylphosphine. This Wittig salt produced 1,1-dibromoalkene which was reduced to produce 

terminal alkyne (Scheme 4.13). 

 

Scheme 4.13
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A number of bases have been used for the deprotonation of the phosphonium salts as well 

as for the dehydrohalogenation of the haloalkenes formed during the reaction. However, the most 

commonly used base for the deprotonation of phosphonium salts and the dehydrohalogenation of 

haloalkenes has been potassium-tert-butoxide. Matsumoto and Kuroda340 used potassium tert-

butoxide as the base for deprotonation and dehydrohalogenation. Miyano et al.
343 has also 

described potassium tert-butoxide as the most suitable base for the deprotonation of 

chloromethyltriphenylphosphonium iodide to form the ylide as well as for the 

dehydrochlorination of the chloroalkenes to form alkynes. When ethoxide was used as the base, 

the reactivity of the phosphorane was diminished. 

Organolithium bases are also reported in the literature for the conversion of haloalkanes 

to the terminal alkynes. Villieras et al.
345 used both ethyllithium and butyllithium for the 

conversion of dichloroalkenes to the corresponding lithium alkynides which were further 

hydrolyzed to the terminal alkynes. They found that treatment of the dichloroalkene with lithium 

amide produce 1-chloroalkyne as the only product (Scheme 4.14). 

 

Scheme 4.14

RCH CCl2
LiN(Et)2

R C CCl
THF

 

 

Kobrich346 also employed butyl lithium for the conversion of bromoethenyl compound 

(99) to the ethynyl compound (100) (Scheme 4.15). 

 

Br
n-BuLi

(99)

C CH

(100)

Scheme 4.15
 

 

4.4 Synthesis of meso- and β-ethenylporphyrins 

There is a vast literature associated with the Wittig reactions. However, there are only a 

limited number of reports concerning the preparation of β-ethynyl porphyrins from the β-formyl 

porphyrins. Callot336 was the first person who applied the Wittig chemistry to porphyrins. He 

applied this methodology for the synthesis of 2-ethenyl-5,10,15,20-

tetraphenylporphyrinalnickel(ΙΙ) (NiTPPCH=CH2) (101) and meso-ethenyl-
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octaethylporphyrinatonickel(ΙΙ) (89) from NiTPPCHO (78) and NiOEPCHO (84) respectively by 

their reaction with methyltriphenylphosphnium bromide in the presence of n-butyllithium as base 

(Scheme 4.16). 
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(Scheme 4.16)  

 

According to the Callot, deformylation was often observed. This feature of the application 

of the Wittig reactions to the formyl porphyrins is consistent with some of our observations 

(detail discussion in section 4.6). Callot observed that the percentage of deformylation of 

(NiOEPCHO) (84) and NiTPPCHO (78) varies with the type of the Wittig reagent used. He 

showed that the Wittig reaction of (NiOEPCHO) (84) with 

dibromomethylenetriphenylphophorane in the presence of a base in dichloromethane at 25 °C 

results in complete deformylation of (NiOEPCHO) (84) whereas its reaction with 

Ph3P=CHCO2CH3 and a base showed only 10% deformylation. 

In another report, Callot316 has described the synthesis of free base ethenyl 

tetraphenylporphyrin (103) by the rearrangement and demetallation of the porphyrin (102) 

(Scheme 4.17). 
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In 1992, Arnold group described a new method for the synthesis of meso and β-

bromoethenyl porphyrins by a halo-Wittig synthetic path.226 They utilized 

bromomethyltriphenylphosphonium bromide and butyllithium for the generation of ylide 

(Scheme 4.18). 
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Gosper and Ali227 extended Arnold226 halo-Wittig reaction methodology for the synthesis 

of soluble trans and cis β-chloroethenylporphyrins by using an equimolar quantity of 

chloromethyltriphenylphosphonium iodide and potassium tert-butoxide base for in situ 

generation of ylide (Scheme 4.19). 
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In 2007, Senge group327 reported the Wittig reactions of meso mono- and di-formyl-5,15-

disubstituted porphyrins with methyltriphenylphosphonium bromide, 

(cyanomethyl)triphenylphosphonium chloride and (4-nitrophenyl)triphenylphosphonium bromide 

in the presence of n-butyllithium as base. According to the authors, the yields were much better 

than those obtained from similar reactions with 5-formyl-2,3,7,8,12,13,17,18-octaethylporphyrins 

because of the lower steric hindrance present in the 5,15-substituted porphyrins. 

The present work describes the synthesis of haloethenyl metalloporphyrins and ethynyl 

metalloporphyrins using different methodologies especially the Wittig chemistry and the 

organometallic promoted halomethylenation of formyl porphyrins. Organometallic 

halomethylenation of formyl porphyrins (Section 4.7) provide an advantage over the Wittig 

reactions that no deformylation was observed for this process. 

 

4.4.1 Synthesis of 2-ethenyl-5,10,15,20-tetraphenylporphyrinatonickel(ΙΙ) 

(NiTPPCH=CH2) (101) 

The ethenyl porphyrin (NiTPPCH=CH2) (101) was required for its further conversion to 

the ethynyl porphyrin (NiTPPC≡CH) (104). In our attempts for the synthesis of ethenyl 

porphyrin (NiTPPCH=CH2) (101), we repeated the work described by Arnold et al.
225 The 

method used involved the reaction of formyl porphyrin (NiTPPCHO) (78) with methyl 

magnesium iodide in dry THF. The reaction mixture was refluxed for 12 hours under the 

atmosphere of dry nitrogen after which it was hydrolyzed with the saturated solution of 

ammonium chloride. The red coloured crude product was extracted with ether, solvent was 

evaporated and the product was purified by column chromatography to afford the 2-

hydroxyethylporphyrin in 85% yield (Scheme 4.20). This alcohol or carbinol was subsequently 
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dehydrated with p-toluene sulphonic acid to produce NiTPPCH=CH2 (101). However, the yield 

in our case was rather low (40%). This low yield was similar to that reported by Arnold225 (they 

obtained 50% yield). Because of this low yielding step in many attempts, no further efforts were 

made to carry out the remaining sequence of reactions for the synthesis of ethynyl porphyrin 

(104).  
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We thought that the cause of the poor yield might be the poor solubility of 

tetraphenylporphyrin (8) and hence we selected TIPP (9) and TDTBPP (10) as our working 

molecules for the ongoing part of our research. In addition to this, we also investigated other 

alternative procedures for the conversion of formyl group into the ethynyl group. 

 

4.5 Synthesis of Ethynyl Porphyrins 

In literature many procedures are available for the synthesis of ethynyl porphyrins. One of 

the possible methods for the synthesis of ethynyl porphyrins is the direct functionalization of 
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porphyrin molecules with the ethyne functionality whereas one can also approach to the ethyne 

porphyrins by using precursors bearing alkynyl group. Another possibility is the incorporation of 

the functionality onto the precursor which can be modified to an alkyne post-porphyrin synthesis.  

When we started this research work there was no example for the synthesis of 2-ethynyl-

5,10,15-20-tetrakis(4′-isopropylphenyl)porphyrinatonickel(ΙΙ) (NiTIPPC≡CH) (106), 2-ethynyl-

5,10,15-20-tetrakis(4′-isopropylphenyl)porphyrinatocopper(ΙΙ)  (CuTIPPC≡CH) (107) and 

5,10,15,20-tetrakis(3,5-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (CuTDTBPPC≡CH) (108).  

Initially, we applied the halo-Wittig reaction scheme226 for the transformation of 

NiTIPPCHO (80), CuTIPPCHO (81), NiTDTBPPCHO (82), and CuTDTBPPCHO (83) into 

NiTIPPC≡CH (106), CuTIPPC≡CH (107), NiTDTBPPC≡CH (96) and CuTDTBPPC≡CH (108) 

respectively. An excess of potassium tert-butoxide (two folds) and 

bromomethyltriphenylphosphonium bromide (one fold) were stirred at the room temperature in 

dry tetrahydrofuran. A bright yellow ylide was formed at once. The solution of β-formyl 

porphyrin (80), (81), (82) or (83) in dry THF was added under the atmosphere of dry nitrogen. 

The reaction mixture was stirred at the room temperature for 6-10 hours. After reaction workup 

and purification, we always obtained the deformyl porphyrin. According to a report, aromatic 

aldehydes do not decarbonylate in the presence of free radical inhibators.347 So, in another 

attempt the same series of Wittig reactions were carried out in the presence of a free radical 

inhibitor, 2,6-di-tert-butyl-4-methylphenol (109) in dark, the only reactions observed were again 

the deformylation. According to another report presented by Matsumoto and Kuroda340 

temperature is an important factor in the preparation of ylide. According to their observation, at 

room temperature the ylide seemed to be instantaneously destroyed by the tert-butanol formed 

from the base during the reaction. Hence the quenching of the ylide at the room temperature by 

the tert-butanol was thought to be the cause of reaction failure. 

An alternative method was then employed for the synthesis of ethynyl porphyrins which 

involve the treatment of 2-formyl porphyrin (80), (81), (82) or (83) with a mixture of carbon 

tetrabromide, triphenylphosphine and zinc in dichloromethane under the conditions reported by 

Corey and Fuchs344 (Scheme 4.13). No reaction was observed even after 72 hours reflux. 

In another experiment, the ylide generation step was carried out at -78 °C instead of room 

temperature, and then the solution of 2-formyl porphyrin (80), (81), (82) or (83) in dry THF was 

added at the same temperature under the atmosphere of dry nitrogen. The reaction mixture was 

allowed to stirrer for 3 hours at -78 °C and then at room temperature for the next 10 hours under 

the nitrogen atmosphere after which the reaction mixture was purified by column 

chromatography to afford the β-ethyne porphyrins (Scheme 4.21). 
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According to Arnold, halo-Wittig reaction failed for the copper complex of meso formyl 

octaethylporphyrin.226 Gosper and Ali227 have also reported only the synthesis of 

NiTDTBPPC≡CH (96) in a communication. However, in our hands, halo-Wittig scheme worked 

well both for the copper and nickel complexes of 2-formyl porphyrins at -78 °C (Scheme 4.21). 

Indeed in all these cases, ethyne porphyrin (106), (107), (96) and (108) were obtained in good 

yields, however, the use of low temperature technique did not 100% cured the deformylation 

problem. 

 

4.5.1 Synthesis of 2-ethynyl-5,10-15-20-tetrakis(4′-isopropylphenyl) 

porphyrinatonickel(ΙΙ) (NiTIPPC≡CH) (106) 

Ethynyl porphyrin (106) was prepared from NiTIPPCHO (80) by the reaction of 

bromomethyltriphenylphosphonium bromide and potassium tert-butoxide in dry THF. The 

procedure involved the addition of THF solution of formyl porphyrin (80) to a bright yellow 

solution of preformed ylide. The ylide was prepared from bromomethyltriphenylphosphonium 

bromide and potassium tert-butoxide in dry THF at  

-78 °C. The reaction mixture was stirred at dry ice temperature for 3 hours and then at room 

temperature for the next 4 hours under the atmosphere of dry nitrogen. The initially formed 

bromoethenyl porphyrins (110) and (111) were dehydrobrominated in the presences of an excess 

of potassium tert-butoxide to afford ethynyl porphyrin (106) (Scheme 4.22). 
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It is possible to stop the reaction either at bromoethenyl porphyrin (110) and (111) or at 

the ethyne porphyrin (106) simply by adjusting the quantity of the potassium tert-butoxide base 

used. The intermediates bromoethenyl porphyrin (110) and (111) were isolated in 80 and 16% 

yields only when one equivalent of the base was reacted with 

bromomethyltriphenylphosphonium bromide and NiTIPPCHO (80) in dry THF under the 

atmosphere of dry N2. These bromoethenyl porphyrins could be subsequently converted into 

ethynyl porphyrin (106) by further treatment with potassium tert-butoxide at room temperature. 

The ethynyl porphyrin (106) was also isolated when two equivalents of the potassium tert-

butoxide base were used (one pot procedure). The yield of the dehyrobromination reaction from 

the trans and cis bromoethenyl porphyrins is 80% and that for the one pot procedure is 77%. 

Clearly this “one pot” method is easy and convenient route to the target ethynyl porphyrin (106). 
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Contrary to the ethynyl porphyrin (93) synthesized by Arnold et al.
225

 ethynyl porphyrin 

(106) was completely stable to column chromatography over silica. The trans and cis 

bromoethenyl porphyrin (110) and (111) were distinguished from each other by 1HNMR 

spectroscopy. The (E) isomer showed 13.8 Hz coupling constant for bromovinyl protons whereas 

(Z) isomer showed 7.9 Hz coupling constant for its bromovinyl protons. The ethynyl porphyrin 

(106) was characterized with FTIR, UV-Visible spectroscopy, Raman spectroscopy, elemental 

analysis, 1HNMR and mass spectrometry. Its FTIR spectrum showed a weak absorption at 2162 

cm-1 due to C≡C bond and a peak of medium intensity at 3314 cm-1 due to ≡C−H stretching. The 

C≡C peak was weak and was difficult to locate. However, its Raman spectrum showed an intense 

absorption peak at 2162 cm-1 due to C≡C stretch. The UV-Visible spectrum of the ethynyl 

porphyrin (106) showed Soret absorption at 430 nm along with a single Q-band absorption at 540 

nm (Figure 40). 

 

 

Figure 40: UV-Visible spectrum of ethynyl porphyrin (106) in CHCl3 

 

These peaks are slightly red shifted as compared to the parent porphyrin (NiTIPP) (47) 

which showed absorptions at 420, 445 and 530 nm. The elemental analysis and the mass 

spectrum were in agreement with the molecular formula C58H52N4Ni. Mass spectrum was taken 

on a Bruker BioApex 47e FTMS fitted with an Analytical Electrospray source. Molecular ion 

peak at 862.30 was observed which correspond to the molecular weight of the compound (106) 

having the molecular formula C58H52N4Ni (Figure 41). 
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Figure 41: Mass spectrum of porphyrin (106) 

 

4.5.2 Synthesis of 2-ethynyl-5,10-15-20-tetrakis(4′-isopropylphenyl) 

porphyrinatocopper(ΙΙ) (CuTIPPC≡CH) (107) 

After the synthesis of ethynyl porphyrin (106) in fairly good yield, our next target was the 

extension of this synthetic technique for the synthesis of other metal derivatives. According to 

Arnold, halo-Wittig reaction failed for the copper complex of meso formyl octaethylporphyrin.226 

However, in our case halo-Wittig scheme worked well both for the copper and nickel complexes 

of 2-formyl porphyrins. In order to extend the same sequence of reactions to the other metallo-

derivatives, CuTIPPCHO (81) was treated with bromomethyltriphenylphosphonium bromide and 

potassium tert-butoxide in dry THF under the identical conditions applied for the conversion of 

NiTIPPCHO (80) to NiTIPPC≡CH (106). In a typical reaction, the formyl porphyrin 

(CuTIPPCHO) (81) was added into the solution of preformed ylide at -78 °C in dry THF. The 

reaction mixture was stirred at dry ice temperature for 3 hours and then at room temperature for 

the next 4 hours to afford ethynyl porphyrin (CuTIPPC≡CH) (107) (Scheme 4.23). 
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A mixture of (E) and (Z) isomers of bromoethenyl porphyrins (112) and (113) was 

obtained in 72 and 10% yields respectively when one equivalent of potassium tert-butoxide was 

used. These bromoethenyl porphyrins were dehydrobrominated in the same reaction flask on 

further reacting with an excess of potassium tert-butoxide and the yield of the 

dehydrobrominated reaction from the bromoethenyl porphyrins (112) and (113) was 80%. One 

pot synthesis of ethynyl porphyrin (107) was also achieved when two equivalents of potassium 

tert-butoxide were made to react with bromomethyltriphenylphosphonium bromide and 

porphyrin (81). The yield of porphyrin (107) for one pot procedure was found to be 65%. 
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Similar to the ethynyl porphyrin (106), the ethynyl porphyrin (107) was also completely 

stable to towards the column chromatography over silica gel. The porphyrin (112), (113) and 

(107) were characterized in the usual manner. Since no meaningful 1HNMR spectra could be 

obtained for the paramagnetic compounds, so these porphyrins were characterized only by FTIR, 

Raman spectroscopy, UV-Visible spectroscopy, elemental analysis and mass spectrometry. The 

FTIR spectrum of ethynyl porphyrin (107) showed a weak absorption peak at 2158 cm-1 due to 

C≡C bond stretching along with a peak of medium intensity at 3318 cm-1 due to the ≡C−H 

stretch. However, its Raman spectrum showed a strong absorption at 2158 cm-1 due to C≡C 

stretch. The UV-Visible spectrum of porphyrin (107) showed absorptions at 435 and 550 nm 

(Figure 42). The elemental analysis and the mass spectrum (Figure 43) were on agreement with 

the molecular formula C58H52CuN4.  

 

 

         Figure 42: UV-Visible spectrum of porphyrin (107) in CHCl3 

 

 

     Figure 43: Mass spectrum of porphyrin (107) 
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4.5.3 Synthesis of 2-ethynyl-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl) 

porphyrinatonickel(ΙΙ) (NiTDTBPPC≡CH) (96) 

In order to prepare the ethynyl porphyrin (96), we repeated some of the work reported by 

Gosper and Ali227 by using different Wittig salt i.e., bromomethyltriphenylphosphonium bromide 

under the identical conditions as applied for the synthesis of porphyrin (106) (Scheme 4.24). 

The intermediate (E) (114) and (Z) (115) were obtained in 75 and 12% yield respectively 

by using one equivalent of base. These isomers were subsequently converted into ethynyl 

porphyrin (NiTDTBPPC≡CH) (96) either by the dehydrobromination of (114) and (115) which 

involve their reaction with an excess of potassium tert-butoxide or the ethynyl porphyrin (96) can 

also be generated in situ using the two folds of the base. Dehydrobromination of (114) and (115) 

was achieved in 84% yield whereas the yield of ethynyl porphyrin (96) for the one pot process 

was found to be 73%. 

The ethynyl porphyrin (96) showed a weak absorption at 2120 cm-1 due to C≡C stretch 

along with a peak of medium intensity at 3325 cm-1. Its Raman spectrum produced a sharp peak 

at 2118 cm-1, showing the usefulness of Raman spectroscopy for the characterization of ethynyl 

porphyrins. The UV-Visible spectrum of ethynyl porphyrin (96) showed absorptions at 424 and 

535 nm (Figure 44). These peaks were slightly red shifted compared to the parent porphyrin 

NiTDTBPP (50) which showed absorptions at 415 and 530 nm (Figure 24). The elemental and 

the mass spectral data (Figure 45) were in agreement with the molecular formula C78H92N4Ni. 



121 

 

N

N N

N

CHO

t-Bu

t-Bu

t-But-Bu

t-Bu

t-Bu

t-But-Bu

Ni
THF, -78 °C

[BrCH2PPh3]Br

t-BuOK
(1 eq.)

t-BuOK

(2 eq.)

N

Cl N

N

R

t-Bu

t-Bu

t-But-Bu

t-Bu

t-Bu

t-But-Bu

Ni

(114); R= CH=CHBr (E)
(115); R= CH=CHBr (Z)

N

N N

N

C

t-Bu

t-Bu

t-But-Bu

t-Bu

t-Bu

t-But-Bu

Ni

(96)

CH

Scheme 4.24

(82)

t-BuOK

 

 

 

             Figure 44: UV-Visible Spectrum of NiTDTBPPC≡CH (96) in CHCl3 
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4.5.4 Synthesis of 2-ethynyl-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl) 

porphyrinatocopper(ΙΙ) (CuTDTBPPC≡CH) (108) 

The ethynyl porphyrin (108) was prepared from the formyl porphyrin (83) (Scheme 4.25) 

by using the same methodology as described earlier for the synthesis of (CuTIPPC≡CH) (107) 

(Scheme 4.23). 

N

N N

N

CHO

t-Bu

t-Bu

t-But-Bu

t-Bu

t-Bu

t-But-Bu

Cu
THF, -78 °C

[BrCH2PPh3]Br

t-BuOK
(1 eq.)

t-BuOK

(2 eq.)

N

Cl N

N

R

t-Bu

t-Bu

t-But-Bu

t-Bu

t-Bu

t-But-Bu

Cu

(116); R= CH=CHBr (E)
(117); R= CH=CHBr (Z)

N

N N

N

C

t-Bu

t-Bu

t-But-Bu

t-Bu

t-Bu

t-But-Bu

Cu

(108)

CH

Scheme 4.25

(83)

t-BuOK

 



123 

 

A mixture of (E) and (Z) isomers of bromoethenyl porphyrin (116) and (117) was 

obtained in 60 and 15% yields respectively. Dehydrobromination of these isomers was carried 

out separately as well as in situ for the generation of ethynyl porphyrin (108). The yield of the 

ethynyl porphyrin (108) for the one pot procedure was found to be 63% whereas the yield of the 

dehyrobromination reaction from the bromoethenyl porphyrin (116) and (117) was 84%.  

Since no meaningful 1HNMR spectrum was possible for the paramagnetic copper 

complexed ethynyl porphyrin (108), so the title porphyrin (108) was characterized by FTIR, 

Raman, elemental analysis and mass spectrometry. Its FTIR spectrum showed a weak absorption 

at 2110 cm-1 due to C≡C stretch and a peak of medium intensity at 3328 cm-1 for ≡C−H bond 

stretching. Its Raman spectrum showed a strong absorption at 2110 cm-1 due to C≡C stretch. The 

UV-Visible spectrum of the ethynyl porphyrin (109) showed electronic absorptions at 425 and 

545 nm (Figure 46). These peaks were slightly red shifted as compared with the parent porphyrin 

CuTDTBPP (51) which showed absorptions at 420 and 540 nm. The elemental analysis and the 

mass spectral data (Figure 47) were in agreement with the molecular formula C78H92N4Cu. 

 

 

 Figure 46: UV-Visible Spectrum of CuTDTBPPC≡CH (108) in CHCl3 
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4.6 Deformylation of Porphyrins 

Formyl porphyrin NiTIPPCHO (80), CuTIPPCHO (81), NiTDTBPPCHO (82), and 

CuTDTBPPCHO (83) were exclusively deformylated when the halo-Wittig reactions were 

performed at the room temperature. Deformylation of aromatic aldehydes is a well known 

reaction. Bistrzycki et al.
348 observed deformylation when they treated various substituted 

benzaldehydes with concentrated sulphuric acid at temperature around 150 °C. Lock349 carried 

out extensive investigations of the action of strong alkali on nitro and halo substituted 

benzaldehydes. Bunnet et al.
350 studied the kinetics of cleavage of a number of 2,6-

dihalobenzaldehydes in sodium hydroxide. They found that such aldehydes are cleaved with the 

formation of dihalobenzene and potassium formate in quantitative yields. Their proposed 

mechanism is given in Figure 48. 
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Figure 48: Bunnett350 deformylation mechanism of formyl dihalobenzene 

 

There are some reports in the literature about the deformylation of the formyl porphyrins. 

Callot336 was the first person who reported the deformylation of NiOEPCHO (84). He observed 

that when NiOEPCHO (84) was treated with the Wittig salt in the presence of butyllithium base 

in dry THF, 29% of the starting material was deformylated and only 27% of the formyl porphyrin 

(84) was converted into ethenyl porphyrin (89). When the same formyl porphyrin (84) was made 

to react with dibromomethylenetriphenylphosphorane (Ph3P═CBr2), 93% of the starting formyl 

porphyrin (84) was deformylated. He proposed a mechanism for the deformylation of formyl 

porphyrin that involves the attack of the base on the intermediate formed from the reaction of the 

Wittig reagent concurrent with the release of the metalloporphyrin as anion (Figure 49). 
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 Figure 49: Proposed Mechanism of deformylation by Callot336 

 

Watanabe et al.
315 also reported the lability of the formyl group attached directly to the 

porphyrin macrocycle. They found that deformylation occurs when formyl porphyrin 

(NiOEPCHO) (84) and 5-formyl-2,3,7,8,12,13,17,18-octaethylporphyrinatopalladium(ΙΙ) 

(PdOEPCHO) are chromatographed over alumina. They also observed deformylation when 
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NiOEPCHO (84) was acidified with dilute hydrochloric acid. They suggested that the mechanism 

of deformylation was similar to that proposed by Bunnett et al.
350 for the base catalyzed 

deformylation of the substituted benzaldehydes (Figure 48). 

 

4.7 Zirconocene-Promoted Halomethylenation of Porphyrins 

Halo-Wittig reaction scheme worked well only at the dry ice temperature whereas at the 

room temperature it always resulted in the total deformylation of the starting formyl porphyrins. 

In order to avoid deformylation problems, we investigated an alternative organometallic reaction 

path for the halomethylenation of formyl porphyrins. Unlike the halo-Wittig reaction scheme, 

this scheme doesn’t require the need of low temperature and also it doesn’t offer any 

deformylation problems. 

There have been several advances in the use of transition metal complexes for the 

alkenylation of aldehydes and ketones. Majority of these reactions require long reaction times 

and/or lengthy procedures to prepare the required organometallic compounds. In 1989, Tour 

group351 reported a novel organometallic complex during the course of their investigations for the 

synthesis of transition metal carbenes. They reported that the addition of dibromomethane to zinc 

metal and zirconocene dichloride afford a reagent which cleanly and rapidly methylenate 

aldehydes and ketones. According to their procedure all the reagents are sequentially added at the 

room temperature to form the active organometallic complex which then carries out the 

methylenation of aldehydes and ketones. Their detailed procedure involves the sequential 

addition of activated zinc powder, zirconocene dichloride, aldehyde, THF, and dibromomethane 

to a nitrogen flushed flask. The resulting reaction mixture was stirred at the room temperature for 

3 hours after which the reaction was stopped by the addition of water. They also suggested a 

mechanism for this zirconocene-promoted olefination of aldehydes and ketones (Scheme 4.26). 
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Tour used dibromomethane for the methylenation of aldehydes and we replaced it with 

bromoform. This modified Tour reaction worked well for the synthesis of bromoethenyl 



127 

 

porphyrins at the room temperature. In a typical procedure, activated zinc powder, zirconocene 

dichloride, formyl porphyrin NiTIPPCHO (80), CuTIPPCHO (81), NiTDTBPPCHO (82) or 

CuTDTBPPCHO (83) and dry THF were sequentially added into a dry nitrogen flushed flask. 

Instead of dibromomethane, bromoform was added and the reaction mixture was stirred at the 

room temperature for 12 hours under the atmosphere of dry N2 after which the reaction was 

stopped by the addition of distilled water. It resulted in the halomethylenation of the starting 

formyl porphyrin and a mixture of trans and cis bromoethenyl porphyrins was obtained. An 

excess of potassium tert-butoxide in THF was used for the dehydrohalogenation of trans and cis 

bromoethenyl porphyrins to produce 2-ethynyl porphyrins at the room temperature. 

The dehydrohalogenation was also achieved in situ by the addition of potassium tert-

butoxide base after the 12 hours during the zirconium promoted bromomethylenation of formy 

porphyrin NiTIPPCHO (80), CuTIPPCHO (81), NiTDTBPPCHO (82) or CuTDTBPPCHO (83). 

This one pot procedure produced the 2-ethynyl porphyrins in good yield. 

 

4.7.1 Zirconocene-Promoted Synthesis of NiTIPPC≡CH (106) 

The ethynyl porphyrin, NiTIPPC≡CH (106) was also synthesized by the zirconocene-

promoted bromomethylenation of formyl porphyrin NiTIIPCHO (80). A dry nitrogen flushed 

flask was sequentially charged with activated zinc powder, zirconocene dichloride, NiTIPPCHO 

(80), THF, and bromoform. This reaction mixture was stirred at the room temperature for 12 

hours. The reaction was stopped by the addition of distilled water and the stirring was again 

continued at the room temperature for the next 30 minutes. Upon column chromatography, trans 

bromoethenyl porphyrin (110) and cis bromoethenyl porphyrin (111) were obtained in an overall 

yield of 70% (Scheme 4.27). The ratio of trans bromoethenyl porphyrin (110) to cis 

bromoethenyl porphyrin (111) was 3:1. 

The dehydrobromination of bromoethenyl porphyrin (110) and (111) was achieved at the 

room temperature by the use of an excess of potassium tert-butoxide which produced the 2-

ethynyl porphyrin (NiTIPPC≡CH) (106) in 80% yield (Scheme 4.27). The one pot synthesis of 2-

ethynyl porphyrin, NiTIPPC≡CH (106) was also achieved when the dehydrohalogenation step 

was performed in situ by the addition of potassium tert-butoxide base after the 12 hours of 

zirconium promoted bromomethylenation of formyl porphyrin NiTIPPCHO (80). This one pot 

procedure produced NiTIPPC≡CH (106) in 56% yield (Scheme 4.27). 
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4.7.2 Zirconocene-Promoted Synthesis CuTIPPC≡CH (107) 

The zirconocene-promoted synthesis of 2-ethynyl porphyrin, CuTIPPC≡CH (107) from 

the formyl porphyrin CuTIPPCHO (81) proceeded through the formation trans and cis 

bromoethenyl porphyrin (112) and (113) respectively which were obtained in an overall yield of  

70%. The ratio trans to cis bromoethenyl porphyrin was 3:1.These bromoethenyl porphyrins 

were dehydrobrominated in THF at the room temperature by the use of potassium tert-butoxide 

to produce 2-ethynyl porphyrin, CuTIPPC≡CH (107) in 56% yield (Scheme 4.28). 
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The zirconocene-promoted reaction can be stopped either at the brmoethenyl porphyrins 

stage or may be made one pot procedure for the synthesis of CuTIPPC≡CH (107) simply by the 

addition of potassium tert-butoxide after the 12 hours of the  zirconocene-promoted 

bromomethylenation reaction of formyl porphyrin (81). This one pot procedure produced the 

CuTIPPC≡CH (107) in 56% yield (Scheme 4.28). 
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4.7.3 Zirconocene-Promoted Synthesis of NiTDTBPPC≡CH (96) 

Zirconocene-promoted bromomethylenation of formyl porphyrin NiTDTBPPCHO (82) 

produced a mixture of trans and cis bromoethenyl porphyrin (114) and (115) respectively in an 

overall yield of 76%. The ratio of trans bromoethenyl porphyrin (114) to cis bromoethenyl 

porphyrin (115) was 4:1. These isomers were dehydrobrominated in dry THF by the use of 

potassium tert-butoxide base at the room temperature to produce 2-ethynyl porphyrin, 

NiTDTBPPC≡CH (96) in 84% yield (Scheme 4.29). The yield of NiTDTBPPC≡CH (108) for 

one pot procedure was found to be 64% (Scheme 4.29). 
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4.7.4 Zirconocene-Promoted Synthesis of CuTDTBPPC≡CH (108) 

The ethynyl porphyrin, CuTDTBPPC≡CH (109) was prepared from the formyl porphyrin, 

CuTDTBPPCHO (83) under the similar conditionds as described previously for the synthesis of 

CuTIPPC≡CH (107) (Scheme 4.30). 



131 

 

N

N N

N

CHO

t-Bu

t-Bu

t-But-Bu

t-Bu

t-Bu

t-But-Bu

Cu

t-BuOK

N

Cl N

N

R

t-Bu

t-Bu

t-But-Bu

t-Bu

t-Bu

t-But-Bu

Cu

(116); R= CH=CHBr (E)
(117); R= CH=CHBr (Z)

N

N N

N

C

t-Bu

t-Bu

t-But-Bu

t-Bu

t-Bu

t-But-Bu

Cu

(108)

CH

Scheme 4.30

(83)

t-BuOK

Zn, Cp2ZrCl2,
THF, CHBr3

 

 

The ratio of trans bromoethenyl porphyrin (116) to cis bromoethenyl porphyrin (117) was 

4:1 and these were obtained in an overall yield of 76%. The dehydrobromination of 

bromoethenyl porphyrin (116) and (117) in dry THF at the room temperature by the use of 

potassium tert-butoxide base produced the 2-ethynyl porphyrin, CuTDTBPPC≡CH (109) in 84% 

yield. The one pot procedure produced 2-ethynyl porphyrin, CuTDTBPPC≡CH (109) in 64% 

yield (Scheme 4.30). 

Unlike the halo-Wittig reaction scheme, zirconocene promoted halomethylenation 

reaction gave the same product yield both for nickel and copper complexed formyl porphyrins 

e.g., both NiTIPPCHO (80) and CuTIPPCHO (81) produced a mixture of trans and cis 

bromoethenyl porphyrins in an overall yield of 70%. Similarily, NiTDTBPPCHO (82) and 

CuTDTBPPCHO (83) produced a mixture of trans and cis bromoethenyl porphyrins in an overall 

yield of 76%.  
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Chapter 5 

Synthesis Metalloporphyrin/Porphyrin Dimers 

5.1 Introduction 

One of the most useful chemical properties of terminal acetylenes is their ability to couple 

to form conjugated diacetylenes. Coupling of terminal acetylenes is an important organic reaction 

for the synthesis of linear π-conjugating systems. Having procured the terminal ethynyl 

metalloporphyrins, our next target was to couple them to the corresponding diethynyl 

diporphyrins/metalloporphyrins. Some of the most important reactions used for the coupling of 

terminal acetylenes are  

1. Oxidative coupling, also called Glaser coupling 

2. Glaser-Hay coupling 

3. Chodkiewicz-Cadiot coupling 

4. Eglinton coupling 

 

5.2 Oxidative or Glaser Coupling 

In 1869, Glaser352 reported the first acetylene coupling reaction. The reaction of 

ammonical cuprous chloride with the phenylacetylene produced a cuprous derivative which upon 

oxidation in air produced diphenyldiacetylene (Scheme 5.1). 

 

+ CuCl
NH4OH

C CCu
air

C C CC

Scheme 5.1  

 

This method is not used very often because cuprous acetylides are sometimes hard to 

isolate (also being explosive) and because they are frequently too insoluble to couple well. A 

generally better method, still called the Glaser reaction, is to mix the acetylenic compound with 

aqueous ammonium chloride-cuprous chloride solution in an atmosphere of air or oxygen 

(Scheme 5.2). This method is widely used for the symmetrical oxidative coupling of the terminal 

ethynyl groups. 

CuCl,air

NH4OH
C C CC

Scheme 5.2

R C CH R R
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5.2.1 Mechanism of Glaser Coupling 

Russian scientists Klebanskii, Grachev and Kuznetsove353 proposed a three step 

mechanism for the formation of the diacetylenic compounds in aqueous solution which involved 

the abstraction of the acidic hydrogen of the ethynyl compound by the base to produce the anion 

in the first step. In the second step the anion is oxidized by the cupric ions to produce a radical 

and finally the radicals dimerize to produce the diacetylenic compound (Figure 50). From their 

extensive studies, they concluded that cupric ion is the actual oxidizing agent. 

 

C CR C CH R
base

+ Hbase

C CR + Cu+2
C CR + Cu

C CR2 C CR C C R

Figure 50: Mechanism of terminal acetylene dimerization
 

 

5.3 Glaser-Hay Coupling 
Glaser-Hay coupling is the modification of Glaser coupling reaction. This method makes 

use of copper-TMEDA complex which is soluble in wide range of solvents, so Glaser-Hay 

coupling reaction is more versatile than Glaser coupling technique. In 1994, Noji et al.
354 

introduced a copper-derived complex viz. CuCl(OH).TMEDA as catalyst for the oxidative 

coupling of beta-naphthols354, 355 based on the previously reported ability of Cu(I)-amine 

complexes to catalyze the oxidative coupling of acetylenes and active methine compounds 

(Glaser-Hay coupling). In this context, CuCl.TMEDA has been used for the synthesis of 

oligoacetylene moieties356 (Scheme 5.3). 

 

(H3C)3Si C CH C C(H3C)3Si C C Si(CH3)3

Scheme 5.3: Dimerization of  terminal acetylene through Glaser-Hay method

CuCl.TMEDA, acetone

O2, 2.5 h

 

 

5.4 Chodkiewicz-Cadiot Coupling 

In 1957, Chodkiewicz357 and later Chodkiewicz, Alhuwalia, Cadiot and Willemart358 

reported a method for the coupling of acetylenic compounds. According to their method, terminal 

acetylene reacts with 1-bromoacetylene in the presence of a cuprous salt catalyst and an amine 

(Scheme 5.4). This coupling is now commonly called as Chodkiewicz-Cadiot coupling.  

 



134 

 

R C CH C CR C C R

Scheme 5.4
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5.5 Eglinton Coupling 

The Eglinton Reaction is an oxidative coupling of terminal alkynes, and allows the 

synthesis of symmetric or cyclic bisacetylenes via reaction of the terminal alkyne with a 

stoichiometric amount of a copper(II) salt in pyridine. Mechanistically, Eglinton reaction is 

similar to the Glaser coupling reaction; the difference being the use of catalytic copper(ІI) 

(Scheme 5.5). 

 

R C CH
Cu(OAc)2, Pyridine

R C C RCC

Scheme 5.5  

 

Coupling by cupric salts in pyridine is an important variation developed by Eglinton 

Galbriath.359 Acetylenic compound is simply mixed with a pyridine solution of cupric acetate. In 

this case there is probably enough cuprous salt present to initiate the reaction. Pyridine not only 

neutralizes the HX formed but it also complex the copper ions. 

 

5.6 Dimerization of Porphyrins/Metalloporphyrins 

There is a vast literature available for the coupling of ethynyl porphyrins and 

metalloporphyrins. In this section we shall discuss the different coupling methodologies which 

have been applied to the field of porphyrins and metalloporphyrins.  

Arnold et al.
225 reported the dimerization of meso-ethynyl octaethylporphyrin (93) by 

conventional Glaser coupling procedure to produce the diethynyl bisporphyrin (27). They were 

able to obtain 53% yield of (27) based upon the bromoethenyl derivative by dissolving meso-

ethynyl octaethylporphyrin (93) in dry pyridine and stirring the solution at 60 °C for two hours 

with anhydrous copper (ІІ) acetate (Scheme 5.6). 
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In 1992, Arnold and Nitschinsk226 extended this area of chemistry to range of dimeric 

porphyrin systems based on tetraphenyl, octaethyl, and heptaethylporphyrins. They reported the 

oxidative coupling of ethynyl porphyrins to form diethynyl diporphyrin 

(27), (119) and (121) (Scheme 5.6, 5.7 and 5.8). 

Arnold and Nitschinsk used standard Glaser oxidative coupling technique for the 

homocoupling of the ethynyl porphyrin (93), (118) and (120). The procedure involves the reflux 

of (93), (118) or (120) in dry pyridine in the presence of copper(ІІ) acetate monohydrate and at 

60 °C with reaction time ranging from 2-8 hours. The work up procedure involves the treatment 

of pyridine solution with 2M HCl solution. The dark grren/purple components were isolated and 

purified. 
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Crossley and McDonald360 used the CuCl-mediated coupling reaction of terminal 

acetylenes for the synthesis of bis- and tris-porphyrin systems (Scheme 5.9). 
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Rossi et al.
361 reported a method for the coupling of terminal acetylenes to produce 1,4-

butadiynes. According to this method 1,4-diarylbutadiynes can be prepared in very good yields 

by reacting benzene solutions of arylacetylenes with chloroacetone and triethylamine in the 

mixture of tetrakis(triphenylphosphonium)palladium(0) and copper(І) iodide as catalysts. Jeffrey 

J. Gosper and Mukhtar Ali227 described the coupling of ethynylporphyrin (108) under the 

conditions reported by Rossi et al.
361 Their procedure involved the reaction of ethynylporphyrin 

(96) with a mixture of tetrakis(triphenylphosphonoum)palladium(0), chloroacetone, copper(І) 

iodide and triethylamine in benzene under the inert atmosphere of nitrogen. After stirring the 

above reaction mixture for few days, they obtained the 1,4-butadiyne dimer (122) in 50% yield 

along with 38% amount of the unreacted porphyrin (96) (Scheme 5.10). They were unable to 

further improve the yield of the dimer either by increasing the amount of the reactants or by 

raising the reaction temperature. 

 

N

N N

N

RR

R

R

C

Ni

(96)

CH

N

N N

N

R

R

C

Ni

C

N

N N

N

R

R

R

Ni

C C

R R R

Scheme 5.10

R= 3,5-di-tert-butylphenyl

(Ph3P)4Pd, CuI
Et3N, ClCH2COCH3

benzene

(122)

 

Anderson's group has extensively employed the Glaser-Hay coupling reaction for the 

synthesis of acetylene bridged porphyrin oligomers and polymers. In 1994, Anderson reported 

the synthesis of butadiyne-linked porphyrin dimers through sequential Glaser-Hay coupling.229a 

The same year, Anderson group also reported the synthesis of first soluble conjugated porphyrin 

polymer form meso-diethynyl zinc porphyrin. They employed Glaser-Hay coupling technique for 

the synthesis of conjugated porphyrin polymer which was found to be extremely soluble in 

chlorinated solvents in the presence of coordinating ligands such as pyridine.362 A series of 

conjugated porphyrin oligomers are synthesized by Anderson group by using a stepwise 

approach from a silyl protected monomer. The two reactions which were used are (i) 

protodesilylation with tetra-n-butylammonium fluoride and (ii) Glaser-Hay coupling with 

CuCl.TMEDA in CH2Cl2 under air.229d  

Arnold and Hartnell222h used Eglinton coupling conditions for the homocoupling of 

ethynyl chlorin which produce a conjugated alkyne linked bis(chlorin). It was also heterocoupled 
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with 5-ethynyl porphyrin to give the first chlorin-alkyne-porphyrin. They also prepared the first 

meso,meso-butadiyne linked heteroporphyrin dyad.  

Anderson group84 synthesized 1,4-butadiyne linked porphyrin dimer (124) in 70% yield 

via palladium catalyzed coupling reaction. First palladium catalyzed reaction was used to couple 

the trimethylsilylacetylene to meso-bromoporphyrin (123) followed by deprotection and a second 

Pd-catalyzed reaction of this with another equivalent of (123) yielded the butadiyne linked 

porphyrin dimer in 70% yield (Scheme 5.11). 
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Kobuke et al.
222g has described the homocoupling of (125) to produce a porphyrin dimer 

(126) in 64% yield (Scheme 5.12). Under the nitrogen atmosphere 

tris(dibenzylideneacetone)(chloroform)-di-palladium(0) and triphenylarsine were added to the 

THF solution containing dissolved ethynyl porphyrin (125). The reaction mixture was stirred for 

overnight at 35 °C. The reaction was worked up and the butadiyne linked porphyrin dimer (126) 

was obtained in 64% yield. 
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In 2007, Osuka222f group in a communication reported the synthesis of porphyrin dimers 

having β-΄β single and double 1,4-butadiyne linking bridges. They used CuII-mediated oxidative 

coupling reactions for the synthesis of butadiyne bridged porphyrin dimers. Wasielewski et al.222a 

used the Glaser-Hay coupling methodology for the homocoupling of zinc 2-octyl-1-dodecyl-3-

ethyl-20-ethynylpyrochlorophyllide a to produce a 1,4-butadiyne linked dimer in 50% yield. 

Initially, we applied standard Glaser conditions for the self dimerization of ethnyl 

porphyrin (NiTIPPC≡CH) (106), (CuTIPPC≡CH) (107), (NiTDTBPPC≡CH) (96) and 

(CuTDTBPPC≡CH) (108). A solution of ethynyl porphyrin (NiTIPPC≡CH) (106), 

(CuTIPPC≡CH) (107), (NiTDTBPPC≡CH) (96) and (CuTDTBPPC≡CH) (108) in dry pyridine 

were stirred at 60 °C with anhydrous copper(І) iodide in the presence of air for 12 hours. No 

reaction was observed. However, when the reaction temperature was raised to reflux, it resulted 

in the slow degradation of the starting ethynyl porphyrins. No dimerization was observed even 

after adjusting the reaction temperature from 60-115 °C, amounts of the reactants, and bubbling 

of the oxygen through the solution. 

Alternatively, we applied Eglinton reaction conditions for the homocoupling of ethynyl 

porphyrin (NiTIPPC≡CH) (106), (CuTIPPC≡CH) (107), NiTDTBPPC≡CH (96) and 

(CuTDTBPPC≡CH) (108). In a typical reaction, a solution of ethynyl porphyrin (NiTIPPC≡CH) 

(106), (CuTIPPC≡CH) (107), NiTDTBPPC≡CH (96) and (CuTDTBPPC≡CH) (108) in dry 

pyridine were stirred at 60 °C with anhydrous copper(II) acetate in the presence of air for 8 hours 

(Scheme 5.13). No reaction was observed even when the reaction temperature was raised to 

reflux, the only reaction observed was the slow degradation of the starting materials. No 

dimerization was observed even after bubbling the oxygen through the solution. 
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When the dimerization was carried out at 28 °C in acetone solvent with the use of 

N,N,N`,N`-tetramethylethylenediamine (TMEDA) and copper(I) chloride catalyst (which is 

usually exceptionally effective catalyst for the oxidative coupling of terminal acetylenes), it again 

resulted in no reaction (Scheme 5.14). 
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In a communication, Gosper and Ali227 reported the homocoupling of ethynyl porphyrin 

(NiTDTBPPC≡CH) (96). They employed the conditions reported by Rossi et al.
361 for the 

oxidative coupling of NiTDTBPPC≡CH (96). We also applied the same conditions for the self 

dimerization of ethynyl porphyrin (NiTIPPC≡CH) (106), (CuTIPPC≡CH) (107), 

(NiTDTBPPC≡CH) (96) and (CuTDTBPPC≡CH) (108). The reaction procedure applied involve 

the addition of triethylamine to a stirred mixture of tetrakis(triphenylphosphonium)palladium(0) 

and copper(І) iodide in benzene under an inert atmosphere of dry nitrogen. To this reaction 

mixture, chloroacetone and the ethynyl porphyrin (NiTIPPC≡CH) (106), (CuTIPPC≡CH) (107), 

(NiTDTBPPC≡CH) (96) or (CuTDTBPPC≡CH) (108) was added. After stirring for 72 hours at 

the room temperature, a saturated ammonium chloride solution was added and the mixture was 

extracted with benzene. The filtered extract was concentrated and the residue was purified by 

column chromatography on silica. This process was found to be successful only for the 

homocoupling of ethynyl porphyrin (NiTDTBPPC≡CH) (96) (Scheme 5.10) whereas all other 

ethynyl porphyrins remained unreacted  

After our failure to couple the ethynyl porphyrin (NiTIPPC≡CH) (106), (CuTIPPC≡CH) 

(107) and (CuTDTBPPC≡CH) (108) by Glaser, Eglinton and Rossi methods, we applied Glaser-
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Hay reaction conditions as reported by Anderson group202 for the homocoupling of our ethynyl 

porphyrin (NiTIPPC≡CH) (106), (CuTIPPC≡CH) (107), (NiTDTBPPC≡CH) (96) and 

(CuTDTBPPC≡CH) (108). This reaction methodology worked well for the homocoupling of all 

of our ethynyl porphyrins (Scheme 5.15). 
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The detail dimerization process involves the addition of a mixture of copper(І) chloride 

and N,N,N
΄
,N
΄-tetramethylethylenediamine (TMEDA) to a vigorously stirred solution of ethynyl 

porphyrin (NiTIPPC≡CH) (106), (CuTIPPC≡CH) (107), (NiTDTBPPC≡CH) (96) or 

(CuTDTBPPC≡CH) (108) in dry dichloromethane already containing 1% pyridine. This reaction 

mixture was stirred at the room temperature for 6 hours after which the organic phase was 

washed with water. Organic phase was evaporated and the residue was purified by column 

chromatography using petroleum ether (b.p 60-90 °C) and chloroform (1:3) as mobile phase. The 

fast moving band was collected and the solvent was evaporated to get metalloporphyrin dimer. 

Recrystallization from the mixture of chloroform and methanol produced pure crystals of 

metalloporphyrin dimers (Table 5.1). 

 

Table 5.1: Glaser-Hay Coupling of Ethynyl Porphyrins 

Ethynyl Porphyrin Metalloporphyrin Dimer Colour Yield 

NiTIPPC≡CH (106) Ni2TIPP (127) Green 73% 

CuTIPPC≡CH (107) Cu2TIPP (128) Dark Green 83% 

NiTDTBPPC≡CH (96) Ni2TDTBPP (122) Green 64% 

CuTDTBPPC≡CH (108) Cu2TDTBPP (129) Dark Green 69% 
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Arnold et al.
226 have reported the dimerization of ethynyl porphyrin (118) under the 

Glaser conditions. However, our ethynyl porphyrins were totally inert under the Glaser 

conditions. Clearly we can now understand why the Glaser coupling was not an effective method 

for the dimerization of the hindered ethynyl porphyrins. 

The metalloporphyrin dimer (Ni2TDTBPP) (122) and (Cu2TDTBPP) (129) were soluble 

in n-hexane, petroleum ether, dichloromethane, THF, carbon tetrachloride, benzene, chloroform 

and  pyridine. These metalloporphyrin dimers were found to be more soluble than dimer Ni2TIPP 

(127) and Cu2TIPP (128) which lack the solubilizing tert-butyl groups. The 1,4-butadiyne linked 

metalloporphyrin dimer Ni2TDTBPP (122), Cu2TDTBPP (129), Ni2TIPP (127) and Cu2TIPP 

(128) were characterized by elemental analysis, UV-Visible spectrscopy, Raman spectroscopy 

and mass spectrometry. Proton nuclear magnetic resonance spectroscopic analysis was not 

possible for copper(ІІ) complexed dimers (being paramagnetic and cause peak broadening). So it 

was performed only for the nickel complexed dimers.  

Having prepared the metalloporphyrin dimer Ni2TIPP (127), Cu2TIPP (128), Ni2TDTBPP 

(122) and Cu2TDTBPP (129), our next target was the demetallation of Ni2TIPP (127), Cu2TIPP 

(128), Ni2TDTBPP (122) and Cu2TDTBPP (129), to produce 1,4-bis[5΄,10΄,15΄,20΄-tetrakis(4˝-

isopropylphenyl)porphyrin-2΄-yl]-1,3-butadiyne (130) and 1,4-bis[5΄,10΄,15΄,20΄-tetrakis(3˝,5˝-

di-tert-butylphenyl)porphyrin-2΄-yl]-1,3-butadiyne (131). 

 

5.7 Synthesis of 1,4-bis[5΄,10΄,15΄,20΄-tetrakis(4˝-isopropylphenyl) 

porphyrin-2΄-yl]-1,3-butadiyne (130) 

There are a number of reports for the demetallation of metalloporphyrins. These often 

involve the use of strong acids such as sulphuric acid328 and trifluoroacetic acid363 as well as the 

addition of powerful nucleophiles e.g., 1,2-ethanedithiol. Battersby et al.
363 have reported the 

demetallation of copper and nickel complexes of octaethylporphyrin with trifluoroacetic acid in 

the presence of 1,2-ethanedithiol or 1,3-propanedithiol. Dithiols are expected to complex with the 

metal and thus accelerate the rate of demetallation. Anderson group202 reported the demetallation 

of conjugatedly linked zinc(ІІ)porphyrin polymer (132) by using trifluoroacetic acid in 

dichloromethane as solvent. Acccording to the author addition of acid turned the solution slightly 

red and neutralization turned it bright green. The free base polymer was obtained in 86% yield.  
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Screen et al.
222d have also employed the trifluoroacetic acid for the demetallation of 

magnesium(ІІ) porphyrin complex. They obtained 94% demetallated product. Osuka group222f 

have recently described the demetallation of doubly β-β΄ butadiyne bridged diporphyrins in a 

communication. They reported the use of trifluoroacetic acid for the demetallation of (133) and 

(134). 
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We initially used trifluoroacetic acid for the demetallation of Ni2TIPP (127) and Cu2TIPP 

(128). Trifluoroacetic acid was added into the stirred solution of metalloporphyrin dimers in 

dichloromethane. After 12 hours of stirring at room temperature, demetallation was observed 

only for Ni2TIPP (127) whereas its copper analogue i.e., Cu2TIPP (128) was not demetallated. 

We then shifted towards the more drastic conditions and selected the concentrated sulphuric acid 

for the demetallation of Ni2TIPP (127) and Cu2TIPP (128). The procedure involves the room 

temperature addition of few drops of concentrated sulphuric acid into the dichloromethane 

solution of Ni2TIPP (127) and Cu2TIPP (128). These solutions were stirred at the room 

temperature for 12 hours. Solutions turned dark green in colour and no starting material was left 

after 12 hours as observed by thin layer chromatography. The solutions were poured into ice cold 

water and stirred for 5 minutes. The organic layers were separated and washed first with 

saturated solution of sodium bicarbonate and then with water. The organic phase was dried over 
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anhydrous sodium sulphate. Dichloromethane was evaporated under vacuum and the residue 

were purified by column chromatography using petroleum ether (b.p 60-80 °C) and 

dichloromethane as eluent. The fast moving red bands were collected and the solvent was 

evaporated to get the free base bis-porphyrin (H4TIPP) (130) (Scheme 5.16). Free base bis-

porphyrin (H4TIPP) (130) was crystallized out from a mixture of dichloromethane and methanol 

to afford purple red crystals of (130) in 86% yield. 
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The FTIR spectrum of free base bis-porphyrin (H4TIPP) (130) showed a N-H stretch of 

medium intensity at 3320 cm-1 and the Raman spectrum showed a C≡C peak at 2175 cm-1. Its 

UV-Visible spectrum showed a split broad Soret band at 425 nm. The mass spectrum of free base 

dimer H4TIPP (130) was determined by electron spray ionization method and is shown in Figure 

51. Its mass spectrum showed a molecular ion peak at 1614.06 which corresponds to the 

molecular weight (M + 4) of the dimer H4TIPP (130) bearing the formula C116H106N8. 
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Figure 51: Mass spectrum of free base bis-porphyrin (H4TIPP) (130) 

 

5.7.1 Synthesis of 1,4-bis[5΄,10΄,15΄,20΄-tetrakis(3˝,5˝-di-tert-butylphenyl) 

porphyrin-2΄-yl]-1,3-butadiyne (131) 

As in the case of Ni2TIPP (127) and Cu2TIPP (128) dimers, initially we tested the 

feasibility of trifluoroacetic acid for the demetallation of Ni2TDTBPP (122) and Cu2TDTBPP 

(129) to produce a free base bis-porphyrin, H4TDTBPP (131). Trifluoroacetic acid method 

resulted only in the demetallation of Ni2TDTBPP (122) whereas its copper analogue i.e., 

Cu2TDTBPP (129) remained metallated. Concentrated sulphuric acid method also worked well 

for the demetallation of Ni2TDTBPP (122) and Cu2TDTBPP (129). The procedure involve the 

addition of few drops of concentrated sulphuric acid into the stirred solution of dichloromethane 

containing the dissolved Ni2TDTBPP (122) or Cu2TDTBPP (129). This reaction mixture was 

stirred at the room temperature for 12 hours. The solution turned dark green in colour and no 

starting material was left after 12 hours as observed by thin layer chromatography.produce the 

free base bis-porphyrin (H4TDTBPP) (131) (Scheme 5.17). Free base bis-porphyrin (131) was 

purified by column chromatography over silica and crystallized out from a mixture of 

dichloromethane and methanol produced pure orange red crystals of H4TDTBPP (131) in 88% 

yield. 
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The FTIR spectrum of free base bis-porphyrin (H4TDTBPP) (131) showed a N-H stretch 

of medium intensity at 3343 cm-1 and the Raman spectrum showed a C≡C peak at 2179 cm-1. Its 

UV-Visible spectrum showed a split broad Soret band at 422 nm. The mass spectrum of free base 

dimer (H4TDTBPP) (131) was determined by electron spray ionization method and it produced a 

molecular ion peak at 2172.48 which corresponds to the molecular weight (M + 1) of the dimer 

(H4TDTBPP) (131) bearing the formula C156H186N8. 

 

 

    Figure 52: Mass spectrum of free base bis-porphyrin (H4TDTBPP) (131) 
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Chapter 6 

Spectroscopic and Electrochemical Studies  

6.1 Introduction 

From the outset of our research, we aimed to investigate a synthetic path for the synthesis 

of a multiporphyrin system having direct electronic communication through the beta pyrrolic 

positions of the linked porphyrins or metalloporphyrins. As a part of our study it was necessary 

to characterize the prepared porphyrinic systems and to obtain informations about the degree of 

electronic communication between the two macrocycles in the dimers. To this end both 

vibrational and the electronic spectra were investigated in detail. As the carbon-carbon triple 

bond stretch gives rise to only a weak signal in the FTIR (due to small change in the dipole 

moment upon stretching), it was found useful to use Raman spectroscopy, where it was found 

that such systems produce significant signals. 

 

6.2 Raman Spectroscopy for the Identification of C≡C Bond in 

Ethynyl Porphyrins and Butadiyne Dimers 

Since its discovery in 1928, the Raman effect has been an important method for the 

elucidation of the molecular structure, for locating various functional groups or chemical bonds 

in the molecules, and for the quantitative analysis of complex mixtures, particularly for major 

components. Both the forier transform infrared (FTIR) and Raman spectra are necessary if the 

maximum amount of vibrational information is to be obtained about a molecule. 

In the FTIR, antisymmetric vibrations usually produce more intense bands than do the 

symmetric vibrations while in the Raman band intensities are just reversed for antisymmetric and 

symmetric vibrations. However in many cases, FTIR and Raman spectra yield overlapping data. 

So it is advantageous to compare FTIR and Raman data whenever possible. 

In order for a vibration to be Raman-active, there must be a change in polarizability of the 

molecule during the vibration, while infra red requires a change in the dipole moment during the 

vibration. Therefore, molecules with a centre of symmetry will have one set of fundamental 

vibrations which are only Raman active and one set of fundamental vibrations which are infrared 

active. The Raman spectrum emphasizes vibrations centered in polarised bonds (viz. C=O, NO2, 

P=O, SO2 etc.). 

Of all the spectral disciplines, The Raman effect is undoubtedly the technique oF choice 

for determining the presence of an alkyne group in a molecule. Although this technique has been 
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applied for the identification of the structure of the porphyrin molecule,364 it has never been 

applied particularly for the identification of the carbon-carbon triple bond in Cu(II) complexed 

metalloporphyrins. We found it to be very useful for the identification of carbon-carbon triple 

bond in ethynyl porphyrins and thier 1,4-butadiyne dimers. 

The terminal ethynyl group usually show two characteristic absorption peaks in the FTIR 

spectrum. A weak absorption peak between 2250-2100 cm-1 due to C≡C stretch and a medium to 

strong peak near about 3300 cm-1 due to ≡C-H stretch. A C≡C peak is usually very weak in the 

FTIR spectrum and it is sometimes difficult to assign this peak to a group with certaintity, while 

this peak is particularly strong in the Raman spectrum. In order to confirm the terminal ethynyl 

group  in our molecules containing the ethynyl functional groups, Raman spectroscopy was 

adopted as the technique of choice. 

Initially FTIR and Raman spectra of phenylacetylene were compared. It was observed 

that the FTIR spectrum shows a very weak absorption peak at 2110 cm-1 while its Raman 

spectrum shows an intense peak at the same wave number leaving no doubt that the molecule 

containas a C≡C. The FTIR bands near 2200 cm-1 were very weak, and it was not apparent that 

this molecule contains C≡C. A similar comparasion of the FTIR and the Raman spectra of 

diphenyldiacetylene was made. The FTIR band near 2200 cm-1 were very weak, and it was not 

apparent that this molecule contains C≡C group. However, the intense Raman band at 2221 cm-1, 

left no doubt that the molecule contains C≡C. 

The FTIR spectrum of the ethynyl porphyrin NiTIPPC≡CH (106) showed a weak 

absorption at 2162 cm-1 due to C≡C bond and a peak of medium intensity at 3314 cm-1 due to 

≡C−H stretching. The C≡C peak was weak and was difficult to locate. Its Raman spectrum 

showed an intense absorption peak at 2162 cm-1 due to C≡C stretch. Similarily, FTIR spectrum 

of ethynyl porphyrin (CuTIPPC≡CH) (107) also showed a weak absorption peak at 2158 cm-1 

due to C≡C bond stretching along with a peak of medium intensity at 3318 cm-1 due to the ≡C−H 

stretch. However, its Raman spectrum showed strong absorption at 2158 cm-1 due to C≡C stretch. 

Raman spectra of ethynyl porphyrin (NiTDTBPPC≡CH) (96) produced a strong C≡C absorption 

at 2118 cm-1 whereas ethynyl porphyrin (CuTDTBPPC≡CH) (108) produced a strong C≡C 

absorption at 2110 cm-1. 

By using infra red spectroscopic method, we were unable to detect any C≡C stretch for 

diethynyl diporphyrin (Ni2TIPP) (127), (Cu2TIPP) (128), (Ni2TDTBPP) (122) and (Cu2TDTBPP) 

(129). This left doubt wether the C≡C is present in (Ni2TIPP) (127), (Cu2TIPP) (128), 

(Ni2TDTBPP) (122) and (Cu2TDTBPP) (129) or not. When the dimer (Ni2TIPP) (127), 

(Cu2TIPP) (128), (Ni2TDTBPP) (122) and (Cu2TDTBPP) (129) were subjected to Raman 
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spectroscopy, all of them showed intense C≡C absorption around 2170-2200 cm-1. This 

comparison illustrate particularily clearly the danger of relying only on infra red spectroscopy. 

The IR or FTIR shows no C≡C absorption peak while the Raman spectrum shows a strong C≡C 

band. 

 

6.3 UV-Visible Spectroscopy 

The UV-Visible spectra parent porphyrin (47), ethynyl porphyrin (106), and the bis-

ethynylporphyrin (127) are shown in Figure 53. A similar comparison of porphyrin (48), ethynyl 

porphyrin (107), and dimer (128) is also represented in Figure 54. 

A comparison of UV-Visible spectrum of ethynyl porphyrin (106) with bis-

ethynylporphyrin (127) shows that the Soret band of (127) undergoes 3 nm bathochromic shift 

with significant broading (Figure 55). The UV-Visible spectrum of ethynyl porphyrin (106) 

shows absorption peaks at 430 and 540 nm. The electronic absorption spectrum of bis-ethynyl 

porphyrin (127) shows absorptions at 433 and 545 nm along with an extra absorption at 591 nm. 

These changes indicate that some degree of electronic perturbation has occurred upon 

dimerization.  

Similarily, a comparison of UV-Visible spectrum of bis-ethynyl porphyrin (128) with 

ethynyl porphyrin (107) shows that the Soret band of dimer (128) undergoes 2 nm red shift with 

significant broading (Figure 56). An extra absorption at 596 nm was also observed in the 

electronic absorption spectrum of dimer (128). It shows that even though the dimer (128) has 

conjugation pathway via beta positions, only minor electronic interaction is observed between the 

porphyrin macrocycles and the same is true for the dimer (127). These changes indicate that 

some degree of electronic communication has occured upon dimerization, however the degree of 

elecdtronic communication or perturbation is significantly less than that which occurs when 

coupling is via the meso-positions.365  
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    Figure 53: UV-Visible Spectra of Porphyrin (47), (106) and (127) in CHCl3 
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      Figure 54: UV-Visible Spectra of Porphyrin (48), (107) and (128) in CHCl3 
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       Figure 55: UV-Visible Spectra of Porphyrin (106) and (127) in CHCl3 

 

 

 

     Figure 56: UV-Visible Spectra of Porphyrin (107) and (128) in CHCl3 
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6.4 Electrochemical Study and Applications of our Porphyrins 

Porphyrins usually undergo two one-electron reductions to form radical anion and then a 

dianion and two one-electron oxidations to form a radical cation and then a dication. In several 

metalloporphyrins particularly those containing Cr, Mn, Ni, Ag, Fe and Co, the central atom may 

also be reduced or oxidized366-369 to yield complexes of metal oxidation states +1,+2, +3, or +4. 

Differentiation of metal oxidation from ring oxidation is often accomplished by optical and ESR 

spectra or with others electrochemical techniques.366-372
 In order to avoid the metal centered 

redox reactions we decided to perform the cyclic voltametry of free base bis-porphyrin (130) and 

(131). In order to see the changes in the redox potentials, cyclic voltametry of monomeric 

porphyrin TIPP (9) and TDTBPP (10) was also performed under the identical conditions. If the 

two porphyrins within a porphyrin array are in electronic communication with each other then the 

oxidation or reduction potential of one porphyrin can affect the redox properties of the second 

porphyrin ring. We performed the cyclic voltametry of TIPP (9), TDTBPP (10), bis-porphyrin 

(130) and bis-porphyrin (131) in dry tetrahydrofuran solution at room temperature. 0.1 M tetra-n-

butylammonium tetrafluoroborate was used as supporting electrolyte. Both TIPP (9) and 

TDTBPP (10) showed almost similar electrochemical behavior (Table 6.1). Two one-electron 

reductions were clearly observed for TIPP (9) (Figure 57) and TDTBPP (10) (Figure 58). The 

bis-porphyrin (130) showed four quasi reversible one-electron porphyrin centered reductions 

(Figure 59). The bis-porphyrin (131) also showed four quasi reversible one-electron porphyrin 

centered reductions (Figure 60). The electrochemical data (Table 6.1) of bis-porphyrin (130) and 

(131) showed that there is moderate electronic communication between the two porphyrin rings.  

 

 

Figure 57: Cyclic Vltamogram of TIPP (9) 
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Figure 58: Cyclic Vltamogram of TDTBPP (10) 

 

 

 

Figure 59: Cyclic Vltamogram of bis-porphyrin (130) 

 

 

 

Figure 60: Cyclic Vltamogram of bis-porphyrin (131) 
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Table 6.1: Electrochemical Data of Porphyrins (Scan rate 500 mV/Sec.) 

Porphyrin Conc. 

(mM) 

Reduction Peak anodic 

Potential (Volts) 

Peak cathodic 

Potential (Volts) 

TIPP (9) 1.0 1,st 

2,nd 

-1.62 

-1.91 

-1.85 

-2.18 

TDTBPP (10) 1.0 1,st 

2,nd 

-1.60 

-1.95 

-1.86 

-2.21 

 

bis-porphyrin (130) 

 

1.5 

1,st 

2,nd 

3,rd 

4,th 

-1.26 

-1.48 

-1.70 

-2.00 

-1.45 

-1.71 

-1.95 

-2.21 

 

bis-porphyrin (131) 

 

1.5 

1,st 

2,nd 

3,rd 

4,th 

-1.28 

-1.50 

-1.71 

-2.18 

-1.46 

-1.73 

-1.94 

-2.25 

 

Because of their natural role  in photosynthesis, porphyrins have received a great deal of 

attraction for the manufacturing of solar cells and electroluminescence devices.373-375 Porphyrins 

and metalloporphyrins are well semiconducting materials and thin films of different types of 

porphyrins and metalloporphyrins have been used as sensing probes for  the detection of different 

volatile organic vapours. 

One of the aims of the research work described in this thesis was the synthesis of various 

types of porphyrins and metalloporphyrins with extended conjugation which in turn can be used 

in the field of molecular electronics for the fabrication of various types of electronic and 

optoelectronics devices such as humidity sensors, temperature sensors, photocells and field effect 

transistors. Sensors based on the changes in electric properties with sensing parameters can be 

classified into two categories namely resistive-type sensors and capacitive-type sensors. In our 

case, fabrication of resistive-type and capacitive-type sensors was carried out in mutual 

collaboration with Prof. Dr. Hassan Sayyad’s research group at Ghulam Ishaq Khan Institute of 

Engineering Sciences and Technology (GIKI), Topi, Pakistan. The experimental results obtained 

by Sayyad’s research group have revealed that our synthesized porphyrins and metalloporphyrins 

possess interesting electric and optoelectronic properties and have a large potential for their use 

as advance materials in the field of molecular electronics. Two photocapacitive detectors based 

upon our synthesized CuTIPP (48) were fabricated and studied at GIKI. The basic technique 
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involved was the deposition of thin film of CuTIPP (48) over a substrate between the two 

aluminum electrodes or silver electrodes. It was observed that upon illumination of up to 4000 lx 

the capacitance of the Al/CuTIPP/Al and Ag/CuTIPP/Ag photocapacitive detectors increased by 

2.6 and 2.2 times respectively with respect to dark conditions.330a  

CuTIPP (48) was also used for the manufacturing of a surface type resistive-capacitive 

multifunctional sensor. A thin film of CuTIPP (48) was deposited between the two silver 

electrodes over a glass substrate. It was observed that the resistance and the capacitance of the 

sensor increases and decreases, respectively, with rise in illumination, temperature and humidity. 

Upon illumination up to 4000 lux the capacitance and resistance of Ag/CuTIPP/Ag sensor 

changed by 3.3 and 10.4 times respectively. Change in capacitance and resistance was 137 and 

49.4 times respectively for 44-92% change in relative humidity. Changes in capacitance and 

resistance for a change of temperature from 25-150 °C were 3.1 and 18.7 times, respectively. 

Calculated value of activation energy of CuTIPP (48) was 0.7 eV.330b 

In another study a surface type multifunctional sensor base on TIPP (9) semiconducting 

material was fabricated. Thin film of TIPP (9) of area 15 nm x 15 nm was thermally sublimed to 

cover a gap of 40 µm between the two silver electrodes. Thickness of TIPP (9) film was 100 nm. 

An investigation of properties of Ag/TIPP/Ag multifunctional sensor showed that the resistance 

and the capacitance of the sensor depend upon humidity, temperature and illumination. For 0-

94% change in relative humidity, the observed change in the capacitance and resistance of 

Ag/TIPP/Ag multifunctional sensor was 773 and 99 times respectively. The sensor also showed 

an acceptable hysteresis for capacitance and resistive measurements. Furthermore it was 

observed that Ag/TIPP/Ag capacitive sensor is more sensitive and quick in response than the 

resistive type sensor. Observed changes in capacitance and resistance for a change of temperature 

from 25-150 °C were 2.47 and 1.33 times respectively. The calculated value of activation energy 

of TIPP (9) was 0.17 eV. From the experimental data authors concluded that on the basis of TIPP 

(9) a useful multifunctional sensor may be developed.332b  

A surface type sensor based upon the thin film of ZnTIPP (49) between the silver 

electrodes (Ag/ZnTIPP/Ag) over a glass substrate was also investigated. Experimental data 

showed that the resistance and capacitance of the Ag/ZnTIPP/Ag sensor changes with humidity, 

illumination, and temperature. Change in capacitance and resistance was 325 and 93 times, 

respectively, with an acceptable hysteresis for 0-93% change in relative humidity. Capacitance of 

the sensor was increased three times with illumination of 1500 lx. Observed changes in 

capacitance and resistance for a temperature variation of 25 to 150 °C were 3.2 and 3.3 times, 

respectively. Calculated value of activation energy of ZnTIPP was 0.11 eV.376 
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6.5 Conclusions 

For the construction of conjugated dimmeric porphyrin systems in which a large degree 

of electronic communication exists via their beta-positions, a simple conjugating linker, 1.3-

butadiyne (bisethynyl) was selected. It was attached to the β-pyrrolic positions of the linked 

porphyrins. The strategy involved the synthesis of β-ethynyl porphyrins and their subsequent 

dimerization to diethynyl diporphyrins. Some of the work reported in this thesis regarding the 

functionalization of TPP (8) and its metal derivatives posed  serious problems of low yields 

because of the low solubility of these compounds (especially at low temperature in large range of 

common organic solvents). This problem was overcome by the synthesis of 5,10,15,20-

tetrakis(4′-isopropylphenyl)porphyrin (TIPP) (9); a moderately soluble porphyrin and 5,10,15,20-

tetrakis(3′,5′-di-tert-butylphenyl)porphyrin  (TDTBPP) (10); a highly soluble porphyrin. Both 

these porphyrins and their metal derivatives have very good solubility in large range of common 

organic solvents at room temperature as well as at low temperature. The good solubility of 

porphyrin (9) and (10), as well as their metal derivatives can allow synthetic chemists to increase 

the range of solvents and the reaction conditions available. These porphyrins were, as expected 

insoluble in water. We for the first time applied microwave-assisted solid phase technique for the 

synthesis of TIPP (9) and (TDTBPP).83 Different metal derivatives of these porphyrins were also 

synthesized by this technique.83  

Duff formylation over solid support was used for the β-formylation of metal derivatives 

of TPP (8) TIPP (8) and TDTBPP (10). Again, we were the first who successfully applied the 

solid phase Duff formylation for the synthesis of β-formyl metalloporphyrins. The yields of the 

β-formyl metalloporphyrins obtained were in the range of 50-54%.83 

Major difficulties were encountered in the area of synthesis of ethynyl porphyrins and 

their dimerization. The multistep procedure, involving a Grignard reaction, dehydration, 

bromination and dehydrobromination that Arnold et al.
225 previously published for the 

conversion of formyl porphyrins to ethynyl porphyrins did not worked well in our hands. After 

the failure of this procedure we applied halo-Wittig route for the synthesis of ethynyl porphyrins. 

Although halo-Wittig technique worked well for the synthesis of ethynyl porphyrins but it 

requires dry ice temperature. At the room temperature deformylation of formyl porphyrins was 

observed. In order to eliminate the problem of deformylation, we investigated a new synthetic 

path for the conversion of formyl group into ethynyl group. Zirconocene-promoted 

halomethylenation of β-formylmetalloporphyrins at the room temperature was achieved. Similar 

to halo-Wittig synthetic route, zirconium promoted halomethylenation route also offers the 

options to stop the reaction either at the haloethenyl porphyrin stage or at the ethynyl porphyrin 
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stage. Zirconocene based synthetic route offers an advantage over the halo-Witig route that it 

completely eliminate the chances of deformylation as well as it takes place at the room 

temperature. 

Having procured the ethynyl metalloporphyrins both by halo-Wittig and zirconocene 

based methods, our next target was their dimerization to subsequent diethynyl diporphyrins. The 

ethynyl porphyrin (106), (107), (96), and (108) were stable to Glaser oxidative coupling. 

Eglinton reaction conditions were also failed to couple these ethynyl porphyrins. The coupling of 

ethynyl porphyrin (96) was achieved using tetrakis(triphenylphosphonium)palladium(0), 

chloroacetone, copper(І) iodide and triethylamine under nitrogen at room temperature. However, 

this method failed to couple the ethynyl porphyrin (106), (107) and (108). Galser-Hay coupling 

in dichloromethane having 1% dissolved pyridine with CuCl successfully dimerized all the 

ethynyl porphyrins. 

In order to obtain the free base porphyrin dimer, initially trifluoroacetic acid was used for 

the demetallation of dimer (Ni2TIPP) (127), (Cu2TIPP) (128), (Ni2TDTBPP) (122) and 

(Cu2TDTBPP) (129). This method worked only for the demetallation of dimer (127) and (122) 

whereas dimer (128) and (129) were not demetallated. Addition of few drops of concentrated 

sulphuric acid in dichloromethane demetallated all the metalloporphyrin dimers. However this 

technique requires very careful monitoring as excess of acid result in the degradation of the 

dimers. The synthesis of free base diethynyl diporphyrin (130) and (131) now opens the whole 

filed to the synthesis of a range of bis-metal, mono-metal and mixed metal systems. 

The preliminary cyclic voltametric studies on free base diethynyl diporphyrin (130) and 

(131) showed that both these molecules have moderate electronic communication between the 

linked porphyrins.  
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Chapter 7 

Experimental 

7.1 General Experimental Techniques 

All melting points were determined on a Kofler micro melting point apparatus without 

correction. UV-Visible spectra were recorded on a Shimadzu Multispec-1501 in chloroform 

solution unless otherwise stated. The infra red spectra were recorded on a Nicolet Impact-410 

FTIR spectrophotometer as KBr disks. Raman spectra were recorded with a Spex Model 1401 

spectrometer using 488.0 and 514.5 nm wavelength excitation from an argon laser. 

1HNMR spectra were measured in deuteriochloroform using tetramethylsilane as internal 

standard with a Bruker 400 and 500 MHz spectrometer. Mass spectra were taken on KRATOS-

AEI-MS50 spectrometer and on Bruker BioApex 47e FTMS fitted with an Analytical 

Electrospray source. Elemental analyses were performed on a PE-2400 CHN elemental analyzer.  

Aldrich precoated sheets were used for analytical thin chromatography analysis. Aldrich 

and Merck Kieselgel 60 (60-100 mesh size) silica gel was used for column chromatography. 

All electrochemical experiments were carried out at EG and G Princeton Applied 

Research potentiostat/galvanostat model 263A. All measurements were made at room 

temperature. For each sample three cycles were run and the third cycle is illustrated in the thesis. 

Reagents from Merck and Aldrich Chemical Co. were used. Solvents and Reagents were 

purified and dried using standard techniques.377 Solutions of water immiscible solvents were 

dried over anhydrous sodium sulphate. Solvents were routinely removed in vacuo. Solvents ratios 

were described as volumes before mixing. 

 

7.2 Synthesis of 5,10,15,20-tetraphenylporphyrin and its derivatives 

 

5,10,15,20-Tetraphenylporphyrin (TPP) (8) 

The title compound (8) was prepared from benzaldehyde (31) and pyrrole (32) by Alder’s 

Method235a and Sharghi’s Method.250 TPP (8) was also synthesized over acidic silica gel by using 

microwave energy. This method involves the adsorption of mixture of pyrrole (0.04 mmole, 2.68 

mg) and benzaldehyde (0.04 mole, 4.25 g) over propanoic acid/silica gel (5 g). It was subjected 

to microwave irradiation (200 Watts) for 6 minutes at 100 °C. After purification as described by 

Barnett, Hudson and Smith249 TPP (8) was obtained as glistering purple crystals (24%). 

m.p > 350 °C, lit.378 m.p > 350 °C; IR(KBr)νmax. 3320 (N-H), 1589, 1389 cm-1; UV-

Vis.(benzene)λmax. 417, 486, 518, 558, 600, 661 nm (log ε 5.6, 3.7, 4.2, 3.9, 3.7, 3.5), lit.379 
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λmax.(benzene) 419, 485, 514, 549, 591, 647 nm (log ε 5.67, 4.35, 4.27, 3.89, 3.73, 3.53); MS(EI), 

m/z(%): 614(M+, 100%). 

 

5,10,15,20-Tetraphenylporphyrinatonickel(ІІ) (44) 

TPP (8) (0.04 mmole, 24.56 mg) and nickel acetate (1 mmole, 176.78 mg) were 

supported over neutral silica gel or the propanoic acid/silica gel containing the crude synthesized 

TPP (8) was washed with the 50 ml of saturated solution of nickel acetate in methanol. After 

drying, it was subjected to microwave irradiation (250 Watts) for 15 minutes at 111 °C. After 

cooling, the reaction mixture was applied as such onto the top of a silica column and eluted with 

chloroform: petroleum ether; b.p 60-90 °C (1:3). The fast moving band was collected, and the 

solvent was evaporated to get metalloporphyrin (44) in 93% yield. 

m.p > 350 °C; IR(KBr)νmax. 1592, 1425, 1380 cm-1; UV-Vis.(CHCl3)λmax. 422, 518, 550, 

582 nm (log ε 5.61, 3.55, 4.24, 3.50), lit.380 λmax.(toluene) 416.5, 539, 570 nm (log ε 5.65, 4.33, 

3.45); MS(EI), m/z(%): 671.3(M+, 100%). 

 

5,10,15,20-Tetraphenylporphyrinatocopper(ІІ) (45) 

TPP (8) (0.04 mmole, 24.56 mg) and copper acetate (1 mmole, 181.63 mg) were 

supported over neutral silica gel or the propanoic acid/silica gel containing the crude synthesized 

TPP (8) was washed with the 50 ml of saturated solution of copper acetate in methanol. After 

drying, it was subjected to microwave irradiation (250 Watts) for 15 minutes at 111°C. After 

cooling, the reaction mixture was applied as such onto the top of a silica column and eluted with 

chloroform: petroleum ether; b.p 60-90 °C (1:3). The fast moving band was collected, and the 

solvent was evaporated to get metalloporphyrin (45) in 93% yield. 

m.p > 350 °C; IR(KBr)νmax. 1592, 1425, 1380 cm-1.UV-Vis.(benzene)λmax. 422, 517, 550, 

582 nm (log ε 5.61, 3.55, 4.24, 3.50) ; MS(EI), m/z(%): 676.4(M+, 100%). 

 

5,10,15,20-Tetraphenylporphyrinatozinc(ІІ) (46) 

TPP (8) (0.04 mmole, 24.56 mg) and zinc acetate (1 mmole, 183.45 mg) were supported 

over neutral silica gel or the propanoic acid/silica gel containing the crude synthesized TPP (8) 

was washed with the 50 ml of saturated solution of zinc acetate in methanol. After drying, it was 

subjected to microwave irradiation (250 Watts) for 15 minutes at 111 °C. After cooling, the 

reaction mixture was applied as such onto the top of a silica column and eluted with chloroform: 

petroleum ether; b.p 60-90 °C (1:3). The fast moving band was collected, and the solvent was 

evaporated to get metalloporphyrin (46) in 94% yield. 
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m.p > 350 °C; IR(KBr)νmax. 1592, 1425, 1380 cm-1; UV-Vis.(benzene)λmax. 420, 540, 578 

nm (log ε 5.48, 4.20, 3.73), lit.381 λmax.(benzene) 435, 505, 555, 590 nm (log ε 5.80, 3.60, 4.30, 

3.60); MS(EI), m/z(%): 678.1(M+, 100%). 

 

2-Formyl-5,10,15,20-tetraphenylporphyrinatonickel(ІІ) (78) 

5,10,15,20-tetraphenylporphyrinatonickel(ІІ) (44) (0.04 mmole, 26.86 mg) and urotropine 

(1 mmole, 140.19 mg) were powder together in an agate mortar. These were doped on 

H2SO4/silica gel (15 g) and heated under microwave (200 Watts) for 18 minutes at 111 °C. After 

cooling, 50 ml of water was added and the reaction mixture was stirred at room temperature for 

30 minutes. Water was removed by filtration and the residue was dried in vacuum desiccator. 

The dried silica gel was applied onto the top of a silica column and eluted with chloroform: 

petroleum ether; b.p 60-90 °C (2:1). The fast moving band was collected and the solvent was 

evaporated to get 2-formyl-5,10,15,20-tetraphenylporphyrinatonickel(II) (78) in 54% yield. The 

title compound was recrystallized from chloroform/methanol (3:1) to yield the pure crystals of 2-

formyl-5,10,15,20-tetraphenylporphyrinatonickel(II) (78). 

m.p > 350 °C; IR(KBr)νmax. 1670 (C=O), 1600, 1422, 1385 cm-1. lit.316 νmax. 1670 cm-1; 

UV-Vis.(toluene)λmax. 428, 538, 576 nm (log ε 5.4, 3.8, 4.2); 1H.N.M.R (500 MHz: CDCl3: 

Me4Si) δH, ppm 5.93-6.27, m (4p-Ph2H): 7.5 d (J 6.9 Hz, 4m-Ph2H): 7.85 d (J 6.9 Hz, 4o-Ph2H): 

8.73-8.80, m (CH, 7, 8, 12, 13, 17 or 18): 9.20, s (CH 3): 9.33. s (CHO); MS(EI), m/z(%): 

700.3(M++1, 2.8%), 670.1(100%), 622(12.2%) 597(6.4%). 

 

2-Formyl-5,10,15,20-tetraphenylporphyrinatocopper(ІІ) (79) 

5,10,15,20-tetraphenylporphyrinatocopper(ІІ) (45) (0.04 mmole, 27.05 mg) and 

urotropine (1 mmole, 140.19 mg) were powder together in an agate mortar. These were doped on 

H2SO4/silica gel (15 g) and heated under microwave (200 Watts) for 18 minutes at 111 °C. After 

cooling, 50 ml of water was added and the reaction mixture was stirred at room temperature for 

30 minutes. Water was removed by filtration and the residue was dried in vacuum desiccator. 

The dried silica gel was applied onto the top of a silica column and eluted with chloroform: 

petroleum ether; b.p 60-90 °C (2:1). The fast moving band was collected and the solvent was 

evaporated to get 2-formyl-5,10,15,20-tetraphenylporphyrinatonickel(II) (79) in 53% yield. The 

title compound was recrystallized from chloroform/methanol (3:1) to yield the pure crystals of 2-

formyl-5,10,15,20-tetraphenylporphyrinatocopper(II) (79). 

m.p > 350 °C; IR(KBr)νmax. 1660 (C=O), 1601, 1422, 1385 cm-1. lit.382 νmax. 1665 cm-1; 

UV-Vis.(toluene)λmax. 428, 520, 550, 591 nm (log ε 5.48, 3.67, 4.18, 4.05). lit379 λmax. 429.5, 551, 
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590 nm (log ε 5.48, 4.20, 4.0); MS(EI), m/z(%): 706.5(M++2, 4.2%), 670.1(100%), 668(34.6%) 

538(17.1%). 

 

2-(1-Hydroxyethyl)-5,10,15,20-tetraphenylporphyrinatonickel(ІІ) 

2-formyl-5,10,15,20-tetraphenylporphyrinatonickel(II) (78) (100 mg, 0.1429 mmole) in 

dry tetrahydrofuran (50 ml), under nitrogen atmosphere was treated with an ethereal solution of 

methyl magnesium iodide (0.5 ml). The mixture was stirred for 12 hours at room temperature 

protected from moisture and then treated with saturated aqueous solution of ammonium chloride 

(25 ml). The organic layer was diluted with ether (20 ml), washed with water (2 x 25 ml), 

separated and dried over anhydrous sodium sulphate. The solvent was removed yielding a red 

solid (98 mg). The resultant residue was dissolved in dichloromethane (25 ml), filtered trough a 

plug of flash silica (10 cm dia. x 5 cm) and the plug washed with more dichloromethane (100 

ml). The filtrate was collected, the solvent removed and the residue recrystallized from 

chloroform/methanol mixture (2:5) to give  red purple crystals of 2-(1-hydroxyethyl)-5,10,15,20-

tetraphenylporphyrinatonickel(ІІ) (85 mg, 85%). 

m.p > 350 °C; IR(KBr)νmax. 3350, 3320, 3060, 2960, 2900, 2860, 1600, 1470, 1420, 1390, 

1360 cm-1; UV-Vis.(CHCl3)λmax. 422, 518, 546, 588, 624 nm (log ε 5.53, 4.92, 4.66, 4.36, 4.40); 

Found C, 77.19: H, 4.34: N, 7.63%: C46H32N4NiO requires C, 77.21: H, 4.50: N, 7.83%; 

1H.N.M.R (400 MHz: CDCl3: Me4Si) δH, ppm 1.74, d (CH(OH)CH3); 1.92, bt (J 6 Hz, 

CH(OH)CH3): 6.27, q (J 5 Hz, CH(OH)CH3): 7.51-7.80, m (m- and p- 4Ph2H): 7.98-8.26, m (4o-

Ph2H): 8.53, m (CH 18): 8.72-8.92, m (CH 3, 7, 8, 12, 13, 17); MS(EI), m/z(%): 715.4(42.9%, 

M+), 670.2(100%), 548(43.7%) 338(67.2%). 

 

2-Ethenyl-5,10,15,20-tetraphenylporphyrinatonickel(ІІ) (101) 

2-(1-hydroxyethyl)-5,10,15,20-tetraphenylporphyrinatonickel(ІІ) (84 mg, 0.12 mmole) 

was treated with p-toluene sulphonic acid (10 mg, 0.58 mmole) in dry benzene (20 ml) at room 

temperature for 6 hours and the crude product was purified by column chromatography over 

silica gel (5 cm dia. x 10 cm) eluting with a mixture of dichloromethane and petroleum ether (b.p 

60-80 °C) 1:1 mixture. The amorphous solid was crystallized out from 

dichloromethane/methanol (2:1) mixture yielding the title porphyrin (101) (40%, 33.6 mg). 

m.p > 350 °C; Found C, 77.19: H, 4.34: N, 7.63%: C46H32N4NiO requires C, 77.21: H, 

4.50: N, 7.83%; UV-Vis.(CHCl3)λmax. 420, 518, 552 nm (log ε 5.48, 4.20, 3.73). lit.316 

λmax.(benzene) 418, 532 nm (log ε 5.8. 3.6). 
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7.3 Synthesis of 5,10,15,20-tetrakis(4′-isopropylphenyl)porphyrin 

(TIPP) (9) and its derivatives 

 

5,10,15,20-Tetrakis(4′-isopropylphenyl)porphyrin (TIPP) (9) 

The title compound (9) was prepared from 4-isopropylbenzaldehyde or cuminaldehyde 

(33) and pyrrole (32) by Alder’s Method235a and Sharghi’s Method.250 It was also synthesized 

over acidic silica gel by using microwave energy. This method involves the adsorption of 

mixture of pyrrole (32) (0.04 mole, 2.68 g) and cuminaldehyde (33) (0.04 mole, 5.93 g) over 

propanoic acid/silica gel (5 g). It was subjected to microwave irradiation (200 Watts) for 6 

minutes at 100 °C. After cooling, the reaction mixture was applied onto the top of a silica column 

and eluted with a mixture of chloroform and n-hexane (1:2). The fast moving band was collected 

and the solvent was evaporated to get 5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrin (TIPP) 

(9) in 22% yield. It was crystallized out by the slow evaporation of dichloromethane to get purple 

needle like crystals of porphyrin (9). 

m.p > 350 °C ; Found C, 85.79: H, 6.93: N, 7.18%: C56H54N4 requires C, 85.89: H, 6.96: 

N, 7.16%; IR(KBr)νmax. 3315 (N-H), 2956, 1470, 1348, 1186, 1053, 966, 802, 735 cm-1; UV-

Vis.(CHCl3)λmax. 420, 450, 515, 555, 670 nm (log ε 5.7, 3.8, 4.5, 4.1, 3.5); 1H.N.M.R (500 MHz: 

CDCl3: Me4Si) δH, ppm -2.74, bs (2H, 2NH): 1.53, d (J 6.9 Hz, 8CH3) 3.25, sep (J 6.9 Hz, 4CH): 

7.58, d (8H, J 7.8 Hz, 4m-Ph2H): 8.12, d (J 7.8, 4o-Ph2H): 8.84, s (β-pyrrolic H 2, 3, 7, 8, 12, 13, 

17, 18); MS(EI), m/z(%): 782.3(M+, 100%), 780.4(2.14%), 391.3(7.74%). 

 

5,10,15,20-Tetrakis(4′-isopropylphenyl)porphyrinatonickel(ІІ) (47) 

TIPP (9) (0.04 mmole, 31.32 mg) and nickel acetate (1 mmole, 176.78 mg) were 

supported over neutral silica gel or the propanoic acid/silica gel containing the crude synthesized 

TIPP (9) was washed with the 50 ml of saturated solution of nickel acetate in methanol. After 

drying, it was subjected to microwave irradiation (250 Watts) for 15 minutes at 111 °C. After 

cooling, the reaction mixture was applied as such onto the top of a silica column and eluted with 

a mixture of chloroform and petroleum ether; b.p 60-90 °C (1:3). The fast moving band was 

collected, and the solvent was evaporated to get metalloporphyrin (47) in 90% yield. It was 

crystallized out by the slow evaporation of chloroform to get purple red crystals of the title 

porphyrin (47). 

m.p > 350 °C ; Found C, 80.05: H, 6.28: N, 6.68%: C56H52N4Ni requires C, 80.10: H, 

6.25: N, 6.67%; IR(KBr)νmax. 2956, 1654, 1660, 1351, 1261, 1055, 1004, 812 cm-1; 
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UV(CHCl3)λmax. 420, 445, 530 nm (log ε 5.55, 3.48, 4.31, 3.57); 1H.N.M.R (500 MHz: CDCl3: 

Me4Si) δH, ppm 1.48, d (J 6.9 Hz, 8CH3): 3.18, sep (J 6.9 Hz, 4CH): 7.50, d (J 7.9 Hz, 4m-Ph2H): 

7.90, d (J 7.9 Hz, 4o-Ph2H): 8.74, s (β-pyrrolic H 2, 3, 7, 8, 12, 13, 17, 18); MS(EI), m/z(%): 

839(M+, 75%), 837.7(100%), 55.1(16.79%). 

 

5,10,15,20-Tetrakis(4′-isopropylphenyl)porphyrinatocopper(ІІ) (48) 

TIPP (9) (0.04 mmole, 31.32 mg) and copper acetate (1 mmole, 181.63 mg) were 

supported over neutral silica gel or the propanoic acid/silica gel containing the crude synthesized 

TIPP (9) was washed with the 50 ml of saturated solution of copper acetate in methanol. After 

drying, it was subjected to microwave irradiation (250 Watts) for 15 minutes at 111 °C. After 

cooling, the reaction mixture was applied as such onto the top of a silica column and eluted with a 

mixture of chloroform and petroleum ether; b.p 60-90 °C (1:3). The fast moving band was 

collected, and the solvent was evaporated to get metalloporphyrin (48) in 94% yield. It was 

crystallized out by the slow evaporation of chloroform to get red crystals of the title porphyrin 

(48). 

m.p > 350 °C; Found C, 79.50: H, 6.23: N, 6.65%: C56H52CuN4 requires C, 79.62: H, 

6.21: N, 6.63%; IR(KBr)νmax. 2922, 1670, 1460, 1342, 1000, 802, 722 cm-1; UV-

Vis.(CHCl3)λmax. 415, 540 nm (log ε 5.72, 4.2, 3.44); MS(EI), m/z(%): 844.6(M+, 15.85%), 

842.6(72%), 837.6(100%), 207.1(25.12%). 

 

5,10,15,20-Tetrakis(4′-isopropylphenyl)porphyrinatozinc(ІІ) (49) 

TIPP (9) (0.04 mmole, 31.32 mg) and zinc acetate (1 mmole, 183.45 mg) were supported 

over neutral silica gel or the propanoic acid/silica gel containing the crude synthesized TIPP (9) 

was washed with the 50 ml of saturated solution of zinc acetate in methanol. After drying, it was 

subjected to microwave irradiation (250 Watts) for 15 minutes at 111 °C. After cooling, the 

reaction mixture was applied as such onto the top of a silica column and eluted with a mixture of 

chloroform and petroleum ether; b.p 60-90°C (1:3). The fast moving band was collected, and the 

solvent was evaporated to get metalloporphyrin (49) in 95% yield. It was crystallized out from 

chloroform to afford red crystals of the title porphyrin (49). 

m.p > 300 °C ; Found C, 79.40: H, 6.08: N, 6.68%: C56H52N4Zn requires C, 79.46: H, 

6.19: N, 6.63%; IR(KBr)νmax. 2956, 1523, 1491, 1337, 1260, 1205, 999, 799 cm-1; UV-

Vis.(CHCl3)λmax. 425, 555, 588 nm (log ε 5.65, 4.37, 3.42); MS(EI), m/z(%): 846.1(M+, 8.23%), 

144.1(100%), 115(30.49%), 82.9(14.71%). 
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2-Formyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ΙΙ) (80) 

5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ІІ) (47) (0.04 mmole, 33.59 

mg) and urotropine (1 mmole, 140.19 mg) were powder together in an agate mortar. These were 

doped on H2SO4/silica gel (15 gm) and subjected to microwave heating (200 Watts) for 18 

minutes at 111 °C. After cooling, 50 ml of water was added and reaction mixture was stirred at 

room temperature for 30 minutes. Water was removed by filtration and residue was dried in 

vacuum desiccator. It was applied onto the top of a silica column and eluted with a mixture of 

chloroform and petroleum ether; b.p 60-90 °C (2:1). Fast moving band was collected and the 

solvent was evaporated to get 2-formyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ІІ) 

(80) in 54% yield. The title formyl porphyrin was recrystallized from dichloromethane/methanol 

mixture (2:1) to get pure purple red crystals of porphyrin (80). 

m.p > 350 °C; Found C, 78.80: H, 6.03: N, 6.50%: C57H52N4NiO requires C, 78.90: H, 

6.04: N, 6.46%; IR(KBr)νmax. 2956, 2923, 1669(C=O), 1545, 1507, 1459, 1351, 1056, 1001, 937, 

813, 797, 719 cm-1; UV-Vis.(CHCl3)λmax. 435, 545, 585 nm (log ε 5.2, 3.9, 4.4); 1H.N.M.R (500 

MHz: CDCl3: Me4Si) δH, ppm 1.48, d (J 6.7 Hz, 8CH3): 3.18, sep (J 6.7 Hz, 4CH): 7.52, d (J 6.9 

Hz, 4m-Ph2H): 7.89, d (J 6.9 Hz, 4o-Ph2H): 8.72, m (β-pyrrolic H  7, 8, 12, 13, 17, 18): 9.20, s 

(CH 3): 9.34, s (-CHO); MS(EI), m/z(%): 867(M+, 1%), 413(100%), 277(24%).  

 

2-Formyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) (81) 

5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ІІ) (48) (0.04 mmole, 33.78 

mg) and urotropine (1 mmole, 140.19 mg) were powder together in an agate mortar. These were 

doped on H2SO4/silica gel (15 gm) and subjected to microwave heating (200 Watts) for 18 

minutes at 111 °C. After cooling, 50 ml of water was added and reaction mixture was stirred at 

room temperature for 30 minutes. Water was removed by filtration and residue was dried in 

vacuum desiccator. It was applied onto the top of a silica column and eluted with a mixture of 

chloroform and petroleum ether; b.p 60-90 °C (2:1). Fast moving band was collected and the 

solvent was evaporated under the reduced pressure to afford 2-formyl-5,10,15,20-tetrakis(4'-

isopropylphenyl)porphyrinatocopper(ІІ) (81) in 54% yield. The title formyl porphyrin was 

recrystallized from dichloromethane/methanol mixture (2:1) to get pure purple red crystals of 

porphyrin (80).  

m.p > 350 °C; Found C, 78.51: H, 6.03: N, 6.44%: C57H52CuN4O requires C, 78.46: H, 

6.01: N, 6.42%; IR(KBr)νmax. 2957, 2923, 1670(C=O), 1559, 1540, 1507, 1458, 1342, 1055, 

1000, 798, 721 cm-1; UV-Vis.(CHCl3)λmax. 430, 550, 595 nm (log ε 5.67, 4.24, 4.79); MS(EI), 

m/z(%): 872(M+, 3%), 349(100%), 236(71%). 
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2-{(E)-2′-Bromoethenyl)}-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinato- 

nickel(ΙΙ) (110) 

The title porphyrin (110) was synthesized by following two different synthetic paths. 

 

(i) Halo-Wittig Synthesis 

A dry nitrogen flushed round bottom flask was filled with dry tetrahydrofuran (50 ml). It 

was cooled at dry ice temperature. Bromomethyltriphenylphosphonium bromide (98) (1.0 

mmole, 433.94 mg) and potassium tert-butoxide (1.0 mmole, 112.03 mg) were added at dry ice 

temperature with vigorous stirring. A bright yellow ylide was formed after 30 minutes.  2-formyl-

5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ІІ) (80) (0.23 mmole, 199.58 mg) was 

then added into the reaction flask. The reaction mixture was stirred at dry ice temperature for 3 

hours and then at room temperature for the next 4 hours. Progress of the reaction was monitored 

by t.lc. After reaction completion, the reaction mixture was filtered and the filtrate was 

evaporated under vacuum. The residue was first washed with distilled water (3 x 25 ml) and then 

with methanol (3 x 50 ml). The dried crude product was applied onto the top of a silica column (2 

cm dia. x 30 cm) and eluted with cyclohexane. The first slow moving red band was collected and 

the solvent was evaporated to get 2-{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(4'-

isopropylphenyl)porphyrinatonickel(ΙΙ) (110) in 80% yield. The title porphyrin (110) was 

crystallized out from dichloromethane/methanol (4:1) mixture to get red crystals of porphyrin 

(110). 

 

(ii) Zirconocene-Promoted Synthesis  

A dry nitrogen flushed round bottom flask was sequentially charged with activated zinc 

powder (16 mmole, particle size < 150 µm), zirconocene dichloride (2.4 mmole, 700 mg), 2-

formyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ІІ) (80) (0.46 mmole, 399.160 

mg), dry tetrahydrofuran (60 ml) and bromoform (4.4 mmole, 1.112 gm). The reaction mixture 

was stirred at room temperature for 12 hours after which the reaction was stopped by the addition 

of distilled water (10 ml). Reaction mixture was again stirred at the room temperature for the 

next 30 minutes. 

After the evaporation of THF, the reaction mixture was filtered to remove the water. The 

residue was first washed with distilled water (3 x 20 ml) and then with methanol (3 x 20 ml). The 

dried crude product was applied onto the top of a silica column (2 cm dia. x 30 cm) and eluted 

with cyclohexane. The first slow moving red band was collected and the solvent was evaporated 

to get 2-{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ΙΙ) 
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(110) in 52.5% yield. The title porphyrin (110) was crystallized out from 

dichloromethane/methanol (4:1) mixture to afford red crystals of porphyrin (110). 

m.p > 350 °C; Found C, 73.78: H, 5.62: N, 5.94: C58H53BrN4Ni requires C, 73.74: H, 

5.65: N, 5.93; IR(KBr)νmax. cm-1 2955, 2920, 2850, 1654, 1609, 1458, 1347, 1292, 1006, 812, 

717. UV-Vis.(CHCl3)λmax. 420, 535 nm (rel. int. 11.53, 1.0); 1H.N.M.R (400 MHz: CDCl3: 

Me4Si) δH, ppm 1.52, d (24H, J  6.5 Hz, 4-CH-(CH3)2 ): 3.20, sep (4H, J 6.5 Hz, 4-CH-(CH3)2 ): 

6.43, d (1H, J 13.8 Hz, -CH=CHBr): 6.71, d (1H, J 13.8 Hz, 

-CH=CHBr): 7.56, m (8H, 4m-Ph2H of C5,10,15,20): 7.91, m (6H, 4o-Ph2H of C5,10,15): 7.98, m 

(2H, o- Ph2H of C20): 8.68, s (IH, β-pyrrolic H on C3 ), 8.76, m (6H, β-pyrrolic H at  C7, 8, 12, 13, 17, 

18). MS(ESI), m/z(%): 943.29(M+ + 1, 2.3%), 852.46(12.7%), 754.42(100%), 667.31(23%), 

534.04(48.5%), 507.06(62.4%). 

 

2-{(Z)-2′-Bromoethenyl)}-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinato- 

nickel(ΙΙ) (111) 

The title porphyrin (111) was synthesized by following two different synthetic paths. 

 

(i) Halo-Wittig Synthesis 

A dry nitrogen flushed round bottom flask was filled with dry tetrahydrofuran (50 ml). It 

was cooled at dry ice temperature. Bromomethyltriphenylphosphonium bromide (98) (1.0 

mmole, 433.94 mg) and potassium tert-butoxide (1.0 mmole, 112.03 mg) were added at dry ice 

temperature with vigorous stirring. A bright yellow ylide was formed after 30 minutes.  2-formyl-

5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ІІ) (80) (0.23 mmole, 199.58 mg) was 

then added into the reaction flask. The reaction mixture was stirred at dry ice temperature for 3 

hours and then at room temperature for the next 4 hours. Progress of the reaction was monitored 

by t.lc. After reaction completion, the reaction mixture was filtered and the filtrate was 

evaporated under vacuum. The residue was first washed with distilled water (3 x 25 ml) and then 

with methanol (3 x 50 ml). The dried crude product was applied onto the top of a silica column (2 

cm dia. x 30 cm) and eluted with cyclohexane. The second slow moving red band was collected 

and the solvent was evaporated to get 2-{(Z)-2′-bromoethenyl)}-5,10,15,20-tetrakis(4'-

isopropylphenyl)porphyrinatonickel(ΙΙ) (111) in 16% yield. The title porphyrin (111) was 

crystallized out from dichloromethane/methanol (4:1) mixture to afford red crystals of porphyrin 

(111). 
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(ii) Zirconocene-Promoted Synthesis  

A dry nitrogen flushed round bottom flask was sequentially charged with activated zinc 

powder (16 mmole, particle size < 150 µm), zirconocene dichloride (2.4 mmole, 700 mg), 2-

formyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ІІ) (80) (0.46 mmole, 399.160 

mg), dry tetrahydrofuran (60 ml) and bromoform (4.4 mmole, 1.112 gm). The reaction mixture 

was stirred at room temperature for 12 hours after which reaction was stopped by the addition of 

distilled water (10 ml). Reaction mixture was again stirred at the room temperature for the next 

30 minutes. 

After the evaporation of THF, the reaction mixture was filtered to remove the water. The 

residue was first washed with distilled water (3 x 20 ml) and then with methanol (3 x 20 ml). The 

dried crude product was applied onto the top of a silica column (2 cm dia. x 30 cm) and eluted 

with cyclohexane. The second slow moving red band was collected and the solvent was 

evaporated under the reduced pressure to get 2-{(Z)-2′-bromoethenyl)}-5,10,15,20-tetrakis(4'-

isopropylphenyl)porphyrinatonickel(ΙΙ) (111) in 17.5% yield. The title porphyrin (111) was 

crystallized out from dichloromethane/methanol (4:1) mixture to afford red crystals of 2-{(Z)-2′-

bromoethenyl)}-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ΙΙ) (111). 

m.p > 350 °C; Found: C, 73.84: H, 5.63: N, 5.94%: C58H53BrN4Ni requires C, 73.74: H, 

5.65: N, 5.93%; IR(KBr)νmax. cm-1 2955, 2920, 2850, 1654, 1609, 1458, 1347, 1292, 1006, 812, 

717; UV-Vis.(CHCl3)λmax. 420, 535 nm (rel. int. 11.53, 1.0); 1H.N.M.R (400 MHz: CDCl3: 

Me4Si) δH, ppm 1.52, d (24H, J 6.5 Hz, 4-CH-(CH3)2): 3.20, sep (4H, J 6.5 Hz, 4-CH-(CH3)2), 

6.50, d (1H, J 7.9 Hz, -CH=CHBr): 6.71, d (1H, J 7.9 Hz, 

-CH=CHBr): 7.56, m (8H, 4m-Ph2H): 7.91, m (6H, 3o- Ph2H of C5,10,15): 7.98, m (2H, 2o-Ph2H 

of C20): 8.68, s (1H, β-pyrrolic H on C3): 8.76, m (6H, β-pyrrolic H at C7, 8, 12, 13, 17, 18); MS(ESI), 

m/z(%): 943.29(M+ + 1, 1.8%), 865.6(32.8%), 752.08(100%), 636.11(72.4%), 590.84(22.9%), 

457.16(36%).  

 

2-{(E)-2′-Bromoethenyl)}-5,10,15,20-tetrakis(4'-isopropylphenyl) porphyrinato- 

copper(ΙΙ) (112) 

The title porphyrin (112) was synthesized by following two different synthetic paths. 

 

(i) Halo-Wittig Synthesis 

A dry nitrogen flushed round bottom flask was filled with dry tetrahydrofuran (50 ml). It 

was cooled at dry ice temperature. Bromomethyltriphenylphosphonium bromide (98) (1.0 

mmole, 433.94 mg) and potassium tert-butoxide (1.0 mmole, 112.03 mg) were added at dry ice 
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temperature with vigorous stirring. A bright yellow ylide was formed after 30 minutes.  2-formyl-

5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ІІ) (81) (0.23 mmole, 200.41 mg) 

was then added into the reaction flask. The reaction mixture was stirred at dry ice temperature for 

3 hours and then at room temperature for the next 4 hours. Progress of the reaction was 

monitored by t.lc. After reaction completion, the reaction mixture was filtered and the filtrate was 

evaporated under vacuum. The residue was first washed with distilled water (3 x 25 ml) and then 

with methanol (3 x 50 ml). The dried crude product was applied onto the top of a silica column (2 

cm dia. x 30 cm) and eluted with cyclohexane. The first slow moving red band was collected and 

the solvent was evaporated to get 2-{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(4'-

isopropylphenyl)porphyrinatocopper(ΙΙ) (112) in 72% yield. The title porphyrin (112) was 

crystallized out from dichloromethane/methanol (4:1) mixture to afford purple red crystals of 2-

{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) (112). 

 

(ii) Zirconocene-Promoted Synthesis  

A dry nitrogen flushed round bottom flask was sequentially charged with activated zinc 

powder (16 mmole, particle size < 150 µm), zirconocene dichloride (2.4 mmole, 700 mg), 2-

formyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ІІ) (81) (0.46 mmole, 0.4008 

gm), dry tetrahydrofuran (60 ml) and bromoform (4.4 mmole, 1.112 gm). The reaction mixture 

was stirred at room temperature for 12 hours after which the reaction was stopped by the addition 

of distilled water (10 ml). Reaction mixture was again stirred at the room temperature for the 

next 30 minutes. 

After the evaporation of THF, the reaction mixture was filtered to remove the water. The 

residue was first washed with distilled water (3 x 20 ml) and then with methanol (3 x 20 ml). The 

dried crude product was applied onto the top of a silica column (2 cm dia. x 30 cm) and eluted 

with cyclohexane. The first slow moving red band was collected and the solvent was evaporated 

to get 2-{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) 

(112) in 52.5% yield. The title porphyrin (112) was crystallized out from 

dichloromethane/methanol (4:1) mixture to afford purple red crystals of 2-{(E)-2′-

bromoethenyl)}-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) (112). 

m.p > 350 °C; Found: C, 73.30: H, 5.65: N, 5.86%: C58H53BrCuN4 requires C, 73.37: H, 

5.63: N, 5.90%; IR(KBr)νmax. cm-1 2954, 2920, 2850, 1655, 1609, 1458, 1345, 1292, 1000, 815, 

720; UV-Vis.(CHCl3)λmax. 425, 545 nm (rel. int. 10.82, 1.0); MS(ESI), m/z(%): 948.29(M+ + 1, 

2.3%), 932.31(18.5%), 876.72(25.8%), 798.03(33.2%), 752.08(100%), 732.96(47.5%), 

698.3(37.4%), 587.2(37.9%). 
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2-{(Z)-2′-Bromoethenyl)}-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinato- 

copper(ΙΙ) (113) 

The title porphyrin (113) was synthesized by following two different synthetic paths. 

 

(i) Halo-Wittig Synthesis 

A dry nitrogen flushed round bottom flask was filled with dry tetrahydrofuran (50 ml). It 

was cooled at dry ice temperature. Bromomethyltriphenylphosphonium bromide (98) (1.0 

mmole, 433.94 mg) and potassium tert-butoxide (1.0 mmole, 112.03 mg) were added at dry ice 

temperature with vigorous stirring. A bright yellow ylide was formed after 30 minutes.  2-formyl-

5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ІІ) (81) (0.23 mmole, 200.41 mg) 

was then added into the reaction flask. The reaction mixture was stirred at dry ice temperature for 

3 hours and then at room temperature for the next 4 hours. Progress of the reaction was 

monitored by t.lc. After reaction completion, the reaction mixture was filtered and the filtrate was 

evaporated under vacuum. The residue was first washed with distilled water (3 x 25 ml) and then 

with methanol (3 x 50 ml). The dried crude product was applied onto the top of a silica column (2 

cm dia. x 30 cm) and eluted with cyclohexane. The second slow moving red band was collected 

and the solvent was evaporated to get 2-{(Z)-2′-bromoethenyl)}-5,10,15,20-tetrakis(4'-

isopropylphenyl)porphyrinatocopper(ΙΙ) (113) in 10% yield. The title porphyrin (113) was 

crystallized out from dichloromethane/methanol (4:1) mixture to afford purple red crystals of 2-

{(Z)-2′-bromoethenyl)}-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) (113). 

 

(ii) Zirconocene-Promoted Synthesis  

A dry nitrogen flushed round bottom flask was sequentially charged with activated zinc 

powder (16 mmole, particle size < 150 µm), zirconocene dichloride (2.4 mmole, 700 mg), 2-

formyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ІІ) (81) (0.46 mmole, 0.4008 

gm), dry tetrahydrofuran (60 ml) and bromoform (4.4 mmole, 1.112 gm). The reaction mixture 

was stirred at room temperature for 12 hours after which the reaction was stopped by the addition 

of distilled water (10 ml). Reaction mixture was again stirred at the room temperature for the 

next 30 minutes. 

After the evaporation of THF, the reaction mixture was filtered to remove the water. The 

residue was first washed with distilled water (3 x 20 ml) and then with methanol (3 x 20 ml). The 

dried crude product was applied onto the top of a silica column (2 cm dia. x 30 cm) and eluted 

with cyclohexane. The second slow moving red band was collected and the solvent was 

evaporated under the reduced pressure to get 2-{(Z)-2′-bromoethenyl)}-5,10,15,20-tetrakis(4'-
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isopropylphenyl)porphyrinatocopper(ΙΙ) (113) in 17.5% yield. The title porphyrin (113) was 

crystallized out from dichloromethane/methanol (4:1) mixture to afford purple red crystals of 2-

{(Z)-2′-bromoethenyl)}-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) (113). 

m.p > 350 °C; Found: C, 73.22: H, 5.64: N, 5.91%: C58H53BrCuN4 requiures C, 73.37: H, 

5.63: N, 5.90%; IR(KBr)νmax. cm-1 2954, 2920, 2850, 1655, 1609, 1458, 1345, 1292, 1000, 815, 

720; UV-Vis.(CHCl3)λmax. 425, 545 nm (rel. int. 10.28, 1.0); MS(ESI), m/z(%): 948.29(M+ + 1, 

1.6%), 940.01(24.6%), 863.18(31.3%), 802.17(43.8%), 748.2(100%), 732.96(45.1%), 

699.3(37.8%), 582.4(40.1%). 

 

2-Ethynyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ΙΙ) (106) 

The title porphyrin (106) was prepared by following routes. 

 

(i) One Pot Halo-Wittig Synthesis 

A dry nitrogen flushed round bottom flask was filled with dry tetrahydrofuran (50 ml). It 

was cooled at dry ice temperature. Bromomethyltriphenylphosphonium bromide (98) (1.0 

mmole, 433.94 mg) and an excess of potassium tert-butoxide (2.0 mmole, 0.224 gm) were added 

at dry ice temperature with vigorous stirring. A bright yellow ylide was formed after 30 minutes 

of stirring at -78 °C. 2-formyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ІІ) (80) 

(0.23 mmole, 199.58 mg) was then added into the reaction flask. The reaction mixture was stirred 

at dry ice temperature for 3 hours and then at room temperature for the next 10 hours. 

The reaction mixture was filtered and the filtrate was evaporated under vacuum. The 

residue was first washed with distilled water (3 x 100 ml) and then with methanol (3 x 100 ml). 

The dried crude product was applied onto the top of a silica column (2 cm dia. x 25 cm) and 

eluted with a mixture of chloroform and cyclohexane (1:10). The fast moving band was collected 

and the solvent was evaporated under vacuum to get 2-ethynyl-5,10,15,20-tetrakis(4'-

isopropylphenyl)porphyrinatonickel(ΙΙ) (106) in 77% yield. 

Crystallization from a mixture of chloroform and methanol (3:1) produced dark red 

crystals of 2-ethynyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ΙΙ) (106). 

 

(ii) One Pot Zirconocene Promoted Synthesis 

A dry nitrogen flushed round bottom flask was sequentially charged with activated zinc 

powder (16 mmole, particle size < 150 µm), zirconocene dichloride (2.4 mmole, 700 mg), 2-

formyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ІІ) (80) (0.46 mmole, 399.160 

mg), dry tetrahydrofuran (60 ml) and bromoform (4.4 mmole, 1.112 gm). The reaction mixture 
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was stirred at room temperature for 12 hours after which an excess of potassium tert-butoxide 

(2.0 mmole, 0.224 gm) was added and the stirring was continued for the next 6 hours. 

Tetrahydrofuran was evaporated and the residue was washed with methanol (3 x 20 ml). 

It was then dissolved in dichloromethane (50 ml). The organic layer was washed with water (3 x 

50 ml), dried over anhydrous sodium sulphate and filtered. The solvent was removed under 

vacuum and the residue was applied onto the top of a silica column (2 cm dia. x 25 cm) and 

eluted with a mixture of chloroform and cyclohexane (1:10). The fast moving red band was 

collected and the solvent was evaporated under vacuum to get 2-ethynyl-5,10,15,20-tetrakis(4'-

isopropylphenyl)porphyrinatonickel(ΙΙ) (106) in  56% yield. 

Crystallization from a mixture of chloroform and methanol (3:1) produced dark red 

crystals of 2-ethynyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ΙΙ) (106). 

 

(iii) Dehydrohalogenation of Porphyrin (110) and (111) 

A mixture of 2-{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(4'-isopropylphenyl) 

porphyrinatonickel(ΙΙ) (110) (0.5 mmole, 471.14 mg) and 2-{(Z)-2′-bromoethenyl)}-5,10,15,20-

tetrakis(4'-isopropylphenyl)porphyrinatonickel(ΙΙ) (111) (0.5 mmole, 471.14 mg) was dissolved 

in dry tetrahydrofuran (100 ml). This mixture was stirred with an excess of potassium tert-

butoxide (4.0 mmole, 448.84 mg) for 6 hours at room temperature. Tetrahydrofuran was 

evaporated and the residue was first washed with distilled water (3 x 20 ml) and then with 

methanol (3 x 20 ml). The dried crude product was applied onto the top of a silica column (2 cm 

x 25 cm) and eluted with a mixture of chloroform and cyclohexane (1:10). The fast moving band 

was collected and the solvent was evaporated under vacuum to get 2-ethynyl-5,10,15,20-

tetrakis(4'-isopropylphenyl)porphyrinatonickel(ΙΙ) (106) in  80% yield. 

Crystallization from a mixture of chloroform and methanol (3:1) produced dark red 

crystals of 2-ethynyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ΙΙ) (106). 

m.p > 350 °C; Found C, 80.84: H, 6.06: N, 6.50%: C58H52N4Ni requires C, 80.65: H, 

6.07: N, 6.49; IR(KBr)νmax. cm-1 3314(≡C-H), 2956, 2923, 2162(C≡C), 1507, 1342, 1055, 1001, 

798, 719; Raman(solid)νmax. cm-1 2162(C≡C); UV-Vis.(CHCl3)λmax. 430, 540 nm (rel. int. 8.5, 

1.0); 1H.N.M.R (400 MHz: CDCl3: Me4Si) δH, ppm 1.54, d (24H, J 6.4 Hz, 4-CH-(CH3)2): 3.11, s 

(1H, ≡C-H): 3.24, sep (4H, J 6.4 Hz, 4-CH-(CH3)2): 7.55, m (6H, 3m-Ph2H of C5,10,15): 7.68, d 

(2H, J 6.7 Hz, m-Ph2H of C20): 7.94, d (2H, J 6.7 Hz, o-Ph2H of C20): 8.66, d (1H, J 5 Hz, β-

pyrrolic H at C17): 8.73-8.78, m (4H, β-pyrrolic H at C7, 8, 12, 13): 8.88, d (1H,  J 5 Hz, β-pyrrolic H 

at C18): 8.98, s (1H, β-pyrrolic H on C3 ); MS(ESI), m/z(%): 862.30(M+, 1.7%), 744.32(48.4%), 

584.15(37.8%), 508.12(28.5%), 366.1(100%).  
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2-Ethynyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) (107) 

The title porphyrin (107) was prepared by following routes. 

 

(i) One Pot Halo-Wittig Synthesis 

A dry nitrogen flushed round bottom flask was filled with dry THF (50 ml). It was cooled 

at dry ice temperature. Bromomethyltriphenylphosphonium bromide (98) (1.0 mmole, 433.94 

mg) and an excess of potassium tert-butoxide (2.0 mmole, 0.224 gm) were added at dry ice 

temperature with vigorous stirring. A bright yellow ylide was formed after 30 minutes of stirring 

at dry ice temperature. 2-formyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ІІ) 

(81) (0.23 mmole, 200.41 mg) was then added into the reaction flask. The reaction mixture was 

stirred at dry ice temperature for 3 hours and then at room temperature for the next 10 hours. 

The reaction mixture was filtered and the filtrate was evaporated under vacuum. The 

residue was first washed with distilled water (3 x 100 ml) and then with methanol (3 x 100 ml). 

The dried crude product was applied onto the top of a silica column (2 cm dia. x 25 cm) and 

eluted with a mixture of chloroform and cyclohexane (1:10). The fast moving band was collected 

and the solvent was evaporated under vacuum to get 2-ethynyl-5,10,15, 20-tetrakis(4'-

isopropylphenyl)porphyrinatocopper(ΙΙ) (107) in 65% yield. 

Crystallization from a mixture of chloroform and methanol (3:1) produced rose red 

crystals of 2-ethynyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) (107).  

 

(ii) One Pot Zirconocene Promoted Synthesis 

A dry nitrogen flushed round bottom flask was sequentially charged with activated zinc 

powder (16 mmole, particle size < 150 µm), zirconocene dichloride (2.4 mmole, 700 mg), 2-

formyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ІІ) (81) (0.46 mmole, 400.81 

mg), dry tetrahydrofuran (60 ml) and bromoform (4.4 mmole, 1.112 gm). The reaction mixture 

was stirred at room temperature for 12 hours after which an excess of potassium tert-butoxide 

(2.0 mmole, 0.224 gm) was added and the stirring was continued for the next 6 hours. 

Tetrahydrofuran was evaporated and the residue was washed with methanol (3 x 20 ml). 

It was then dissolved in dichloromethane (50 ml). The organic layer was washed with water (3 x 

50 ml), dried over anhydrous sodium sulphate and filtered. The solvent was removed under 

vacuum and the residue was applied onto the top of a silica column (2 cm dia. x 25 cm) and 

eluted with a mixture of chloroform and cyclohexane (1:10). The fast moving red band was 

collected and the solvent was evaporated under vacuum to get 2-ethynyl-5,10,15,20-tetrakis(4'-

isopropylphenyl)porphyrinatocopper(ΙΙ) (107) in 56% yield. 
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Crystallization from a mixture of chloroform and methanol (3:1) produced rose red 

crystals of 2-ethynyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) (107). 

 

(iii) Dehydrohalogenation of Porphyrin (112) and (113) 

A mixture of 2-{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(4'-

isopropylphenyl)porphyrinatocopper(ΙΙ) (112) (0.5 mmole, 473.63 mg) and 2-{(Z)-2′-

bromoethenyl)}-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) (113) (0.5 

mmole, 473.63 mg) was dissolved in dry tetrahydrofuran (100 ml). This mixture was stirred with 

an excess of potassium tert-butoxide (4.0 mmole, 448.84 mg) for 6 hours at room temperature. 

Tetrahydrofuran was evaporated and the residue was first washed with distilled water (3 x 20 ml) 

and then with methanol (3 x 20 ml). The dried crude product was applied onto the top of a silica 

column (2 cm dia. x 25 cm) and eluted with a mixture of chloroform and cyclohexane (1:10). The 

fast moving band was collected and the solvent was evaporated under vacuum to get 2-ethynyl-

5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) (107) in  80% yield. 

Crystallization from a mixture of chloroform and methanol (3:1) produced rose red 

crystals of 2-ethynyl-5,10,15,20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) (107). 

m.p > 350 °C; Found C, 80.01: H, 6.03: N, 6.43%: C58H52CuN4 requires C, 80.20: H, 

6.03: N, 6.45%; IR(KBr)νmax. cm-1 3318(≡C-H), 2956, 2924, 2158(C≡C), 1559, 1459, 1350, 

1261, 1055, 1004, 812, 712; Raman(solid)νmax. cm-1 2158(C≡C); UV-Vis.(CHCl3)λmax. 435, 550 

nm (rel. int. 7.69, 1.0); MS(ESI), m/z(%): 867.30 (M+, 2.6%), 843.4(22.3%), 607.2(37.9%), 

513.15(29.8%), 395.1(49.9%), 371(100%), 320.2(25.2%), 228.3(42.5%).  

 

1,4-Bis[5΄,10΄,15΄,20΄-tetrakis(4˝-isopropylphenyl)porphyrinatonickel (ІІ)-2΄-

yl]-1,3-butadiyne (127)  

Copper(І) chloride (2.3 mmole, 225.17 mg) and N,N,N`,N`-tetramethylethylenediamine 

(TMEDA) (2.8 mmole) were added to a vigorously stirred solution of 2-ethynyl-5,10,15,20-

tetrakis(4'-isopropylphenyl)porphyrinatonickel(ΙΙ) (106) (0.03 mmole, 25.87 mg) in 

dichloromethane (100 ml) and pyridine (1.0 ml). Reaction mixture was stirred at room 

temperature for 6 hours after which the organic phase was washed with water (3 x 25 ml) and 

dried over anhydrous sodium sulphate and filtered. Organic phase was evaporated and the residue 

was purified by column chromatography over silica gel using petroleum ether (b.p 60-90 °C) and 

chloroform (1:3) as mobile phase. The fast moving band was collected and the solvent was 

evaporated to get 1,4-bis[5΄,10΄,15΄,20΄-tetrakis(4˝-isopropylphenyl)porphyrinatonickel(ІІ)-2΄-
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yl]-1,3-butadiyne (127) in 73% yield. Crystallization from chloroform/methanol mixture (3:1) 

produced shining green crystals of the title metalloporphyrin dimer (127). 

m.p > 350 °C; Found C, 80.9: H, 5.97: N, 6.51%: C116H102N8Ni2 requires C, 80.74: H, 

5.96: N, 6.49%; IR(KBr)νmax. cm-1 2958, 2922, 1550, 1510, 1455, 1340, 1051, 1001, 937, 813, 

797, 719; Raman(solid)νmax. cm-1 2180(C≡C); UV-Vis.(CHCl3)λmax. 433, 545, 591 nm (rel. int. 

7.36, 1.69, 1.0); 1H.N.M.R (400 MHz: CDCl3: Me4Si) δH, ppm 1.50, m (36H, 6(CH3)2-CH- ): 

1.57, d (12H, J 6.8 Hz, 2(CH3)2-CH-): 3.24-3.34, m (8H, 8-CH-(CH3)2): 7.73, m (12H, 6m-Ph2H 

at C5,5′,10,10′.15,15′ ): 7.78, d (4H, J 7.0 Hz, 2m-Ph2H at C20,20′): 7.94, m (12H, 6o-Ph2H, at 

C5,5′,10,10′,15,15′ ): 8.0, d ( 4H, J 7.0 Hz, 2o-Ph2H at  C20,20′): 8.72, d (2H, J 5 Hz, β-pyrrolic H on 

C17,17′ or C18,18′ ): 8.68, m (8H, β-H): 8.8, d (2H, J 5 Hz, β-pyrrolic H on C17,17′ or C18,18′): 8.99, s 

(2H, β-pyrrolic H on C3,3′); MS(ESI), m/z(%): 1724.2(M+ + 2, 1.1%), 864.5(78.2%), 

842.7(100%), 793.2(48.6%). 

 

1,4-Bis[5΄,10΄,15΄,20΄-tetrakis(4˝-isopropylphenyl)porphyrinatocopper(ІІ)-2΄-

yl]-1,3-butadiyne (128) 

Copper(І) chloride (2.3 mmole, 225.17 mg) and N,N,N`,N`-tetramethylethylenediamine 

(TMEDA) (2.8 mmole) were added to a vigorously stirred solution of 2-ethynyl-5,10,15,20-

tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) (107) (0.03 mmole, 26.02 mg) in 

dichloromethane (100 ml) and pyridine (1.0 ml). Reaction mixture was stirred at room 

temperature for 6 hours after which the organic phase was washed with water (3 x 25 ml) and 

dried over anhydrous sodium sulphate and filtered. Organic phase was evaporated and the residue 

was purified by column chromatography over silica gel using petroleum ether (b.p 60-90 °C) and 

chloroform (1:3) as mobile phase. The fast moving band was collected and the solvent was 

evaporated to get 1,4-bis[5΄,10΄,15΄,20΄-tetrakis(4˝-isopropylphenyl)porphyrinatocopper(ІІ)-2΄-

yl]-1,3-butadiyne (128) in 83% yield. Crystallization from a mixture of chloroform/and methanol 

(3:1) produced dark green crystals of 1,4-bis[5΄,10΄,15΄,20΄-tetrakis(4˝-

isopropylphenyl)porphyrinatocopper(ІІ)-2΄-yl]-1,3-butadiyne (128). 

m.p > 350 °C; Found C, 80.08: H, 5.93: N, 6.46%: C116H102Cu2N8 requires C, 80.29: H, 

5.92: N, 6.46%; IR(KBr)νmax. cm-1 2960, 2925, 1552, 1538, 1510, 1455, 1340, 1056, 1004, 800, 

717; Raman(solid)νmax. cm-1 2172(C≡C); UV-Vis.(CHCl3)λmax. 437, 553, 589 nm (rel. int. 7.13, 

1.88, 1.0); MS(ESI), m/z(%): 1733.24(M+ + 1, 1.3%), 856.4(81.4%), 848.7(100%), 

756.6(56.9%), 568.4(36.7%). 
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1,4-Bis[5΄,10΄,15΄,20΄-tetrakis(4˝-isopropylphenyl)porphyrin-2΄-yl]-1,3-

butadiyne (130) 

1,4-bis[5΄,10΄,15΄,20΄-tetrakis(4˝-isopropylphenyl)porphyrinatonickel(ІІ)-2΄-yl]-1,3-butadiyne 

(127) (0.03 mmole, 51.67 mg) or  1,4-bis[5΄,10΄,15΄,20΄-tetrakis(4˝-isopropylphenyl)porphyrin- 

atocopper(ІІ)-2΄-yl]-1,3-butadiyne (128) (0.03 mmole, 51.97 mg) was dissolved in 

dichloromethane (50 ml). Two drops of concentrated sulphuric acid were added and the solution 

was stirred at room temperature for 12 hours. Progress of the reaction was monitored by thin 

layer chromatography. The solution was poured into ice cold water (20 ml) and stirred for 5 

minutes. The organic layer was separated and washed first with saturated solution of sodium 

bicarbonate (2 x 25 ml) and then with water (2 x 25 ml). The organic phase was dried over 

anhydrous sodium sulphate and filtered. Dichloromethane was evaporated under vacuum and the 

residue was purified by column chromatography over silica gel using petroleum ether (b.p 60-80 

°C) and dichloromethane (1: 4.5) as eluent. The fast moving red band was collected and the 

solvent was evaporated to get 1,4-bis[5΄,10΄,15΄,20΄-tetrakis(4˝-isopropylphenyl)porphyrin-2΄-

yl]-1,3-butadiyne (130) in 86% yield. Purple red crystals of 1,4-bis[5΄,10΄,15΄,20΄-tetrakis(4˝-

isopropylphenyl)porphyrin-2΄-yl]-1,3-butadiyne (130) were obtained from a mixture of 

dichloromethane and methanol (3:1). 

m.p > 350 °C; Found C, 86.26: H, 6.64: N, 6.95%: C116H106N8 requires C, 86.42: H, 6.63: 

N, 6.95%; IR(KBr)νmax. cm-1 3320 (N-H), 2952, 1560, 1478, 1350, 1190, 1101, 1053, 969, 800, 

731; Raman(solid)νmax. cm-1 2175(C≡C); UV-Vis.(CHCl3)λmax. 425, 520, 551, 600, 628 nm (rel. 

int. 5.50, 3.37, 1.95, 1.0, 1.25); 1H.N.M.R (400 MHz: CDCl3: Me4Si) δH, ppm - 2.62, bs (4H, -

NH): 1.56, m (36H,  6(CH3)2-CH- ): 1.63, d (12H, J 6.8 Hz, 2(CH3)2-CH-): 3.31-3.4, m (8H, 8-

CH-(CH3)2 ): 8.13, m (12H, 6m-Ph2H of C5,5′,10,10′.15,15′): 8.21, d (4H, J 6.9 Hz, 2m-Ph2H of 

C20,20′): 8.16, m (12H, 6o-Ph2H of C5,5′,10,10′,15,15′): 8.28, d ( 4H, J 7.6 Hz, 2o-Ph2H of C20,20′): 

8.86, d (2H, J 4.8 Hz, β-pyrrolic H on C17,17′ or C18,18′): 8.81, m (8H, β-H): 8.99, d (2H, J 4.8 Hz, 

β-pyrrolic H on C17,17′ or C18,18′,): 9.18, s (1H, β-pyrrolic H on C3,3′);  MS(ESI), m/z(%): 

1614.06(M+ + 4, 3.1%), 1511.38(82.9%), 1455.07(43.6%), 1288.01(24.2%), 1175.02(100%), 

980.09(15.1%), 826.02(60%), 643.21(11.9%), 550(24.2%), 389.78(17.4%). 
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7.4 Synthesis of 5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin 

(TDTBPP) (10) and its derivatives 

 

3,5-di-tert-Butyltoluene (35) 

3,5-di-tert-butyltoluene (35) was prepared from toluene (36) and tert-butylchloride (37) 

using a slight modification of the method described by Geuze et al.
253 Aluminum chloride (14 

gm, 0.105 mol) was suspended  in dry toluene (250 g, 2.731 mol) and tert-butyl chloride (500 g, 

5.40 mol) was added into this suspension over a period of 8 hours with vigorous stirring under 

moisture free conditions. The reaction mixture was left as such at room temperature for 24 hours 

after which it was poured into crushed ice. The mixture of reaction mass and crushed ice was 

vigorously stirred. During stirring, white precipitates of 3,5-di-tert-butyltoluene (35) separate out. 

The precipitates of 3,5-di-tert-butyltoluene (35) were collected and melted at room temperature 

to separate the water through a separating funnel. This process of precipitation was repeated 

again and again until no more precipitation was observed. All precipitates were melted at 30 °C 

and the water was removed through a separating funnel. The transparent liquid so obtain was 

dried over anhydrous sodium sulphate and filtered. It was crystallized out from itself to get pure 

transparent crystals of 3,5-di-tert-butyltoluene (35) in 60% yield. b.p 96-98 °C/5.7 mm Hg. Lit253 

b.p 98 °C/5.7 mm Hg. 

 

3,5-di-tert-Butylbenzaldehyde (34) 

Aldehyde (34) was prepared by the oxidation of 3,5-di-tert-butyltoluene (35) using the 

method described by Newman et al.
254 3,5-di-tert-butylbenzaldehyde (34) was obtained as a pale 

yellow residue which was recrystallized from 60-80 light petroleum (59%). m.p. 85 °C. lit383 

m.p. 85-89 °C. 

 

5,10,15,20-Tetrakis(3′,5′-di-tert-butylphenyl)porphyrin  (TDTBPP) (10) 

The title compound (10) was prepared from aldehyde (34) and pyrrole (32) by Alder’s 

Method235a and Sharghi’s Method.250 It was also synthesized over acidic silica gel by using 

microwave energy. This method involves the adsorption of mixture of pyrrole (0.04 mmole, 2.68 

mg) and aldehyde (34) (0.04 mole, 8.73 g) over propanoic acid/silica gel (5 g). It was subjected 

to microwave irradiation (200 Watts) for 6 minutes at 100 °C. After cooling, the reaction mixture 

was applied onto the top of a silica column and eluted with chloroform:n-hexane (1:2). The fast 

moving band was collected and the solvent was evaporated to get 5,10,15,20-tetrakis(3′,5′-di-tert-
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butylphenyl)porphyrin (TDTBPP) (10) in 20% yield. It was crystallized out by the slow 

evaporation of dichloromethane to afford needle like purple crystals of porphyrin (10). 

m.p > 350 °C; Found C, 85.66: H, 8.87: N, 5.23%: C76H94N4 requires C, 85.82: H, 8.90: 

N, 5.20%; IR(KBr)νmax. 3320 (N-H), 3060, 2960, 2900, 2860, 1600, 1470, 1420 cm1; UV-

Vis.(CHCl3)λmax. 420, 520, 555, 590, 645 nm (log ε 5.52, 3.93, 4.25, 3.94, 3.52); 1H.N.M.R (500 

MHz: CDCl3: Me4Si) δH, ppm -2.67, bs (2H, 2NH): 1.51, s (72H, 8t-Bu): 7.74, t (4H, J 1.7 Hz, 

4p-PhH): 8.07, d (8H, J 1.7 Hz, 4o-Ph2H): 8.87, s (β-pyrrolic H 2, 3, 7, 8, 12, 13, 17, 18); 

MS(EI), m/z(%): 1063(M+, 100%), 189 (5%). 

 

5,10,15,20-Tetrakis(3
′
,5
′
-di-tert-butylphenyl)porphyrinatonickel (ІІ) (50) 

A mixture of 5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin (TDTBPP) (10) (0.04 

mmole, 42.54 mg) and nickel acetate (1mmole, 176.78 mg) was adsorbed over neutral silica gel 

(5 gm) or the propanoic acid/silica gel containing the crude synthesized TDTBPP (10) was 

washed with the 50 ml of saturated solution of nickel acetate in methanol. After drying, it was 

subjected to microwave irradiation (250 Watts) for 15 minutes at 111 °C. After cooling, the 

reaction mixture was applied as such onto the top of a  silica column and eluted with a mixture of 

chloroform and petroleum ether; b.p 60-90 °C (1:3). Fast moving band was collected and the 

solvent was evaporated to get 5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatonickel(ІІ) 

(50) in 92% yield. It was crystallized out from dichloromethane/methanol mixture (2:1) to afford 

purple red crystals of 5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatonickel(ІІ) (50).  

m.p > 350 °C; Found: C, 81.52: H, 8.30: N, 5.01%: C76H92N4Ni requires C, 81.48: H, 

8.28: N, 5.0%; IR(KBr)νmax. 3060, 2960, 2900, 2860, 1600, 1480, 1440, 1400 cm-1; UV-

Vis.(CHCl3)λmax. 415, 530 nm (log ε 5.51, 4.30); 1H.N.M.R (500 MHz: CDCl3: Me4Si) δH, ppm 

1.46, s (72H, 8t-Bu): 7.70, t (4H, J 2.0 Hz, 4p-PhH): 7.86, d (8H, J 2.0 Hz, 4o-Ph2H): 8.79, s (β-

pyrrolic H 2, 3, 7, 8, 12, 13, 17, 18); MS(EI), m/z(%): 1118(M+, 100%), 57 (84%). 

 

5,10,15,20-Tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatocopper(ІІ) (51) 

A mixture of 5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin (TDTBPP) (10) (0.04 

mmole, 42.54 mg) and copper acetate (1 mmole, 181.63 mg) was adsorbed over neutral silica gel 

(5 gm) or the propanoic acid/silica gel containing the crude synthesized TDTBPP (10) was 

washed with the 50 ml of saturated solution of copper acetate in methanol. After drying, it was 

subjected to microwave irradiation (250 Watts) for 15 minutes at 111 °C. After cooling, the 

reaction mixture was applied as such onto the top of a silica column and eluted with a mixture of 

chloroform and petroleum ether; b.p 60-90 °C (1:3). Fast moving band was collected and the 
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solvent was evaporated to get 5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatocopper(ІІ) 

(51) in 93% yield. It was crystallized out from dichloromethane/methanol mixture (2:1) to afford 

red crystals of 5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatocopper(ІІ) (51). 

m.p > 350 °C; Found C, 81.20: H, 8.22: N, 5.0%: C76H92CuN4 requires C, 81.13: H, 8.24: 

N, 4.98%; IR(KBr)νmax. 3060, 2980, 2940, 2860, 1600, 1520, 1480, 1440, 1400 cm-1; UV-

Vis.(CHCl3)λmax. 420, 540 nm (log ε 5.26, 4.35); MS(EI), m/z(%): 1123(M+, 23%), 810.6(100%), 

57(34%). 

 

5,10,15,20-Tetrakis(3
′
,5
′
-di-tert-butylphenyl)porphyrinatozinc (ІІ) (52) 

A mixture of 5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin (TDTBPP) (10) (0.04 

mmole, 42.54 mg) and zinc acetate (1 mmole, 183.45 mg) was adsorbed over neutral silica gel (5 

gm) or the propanoic acid/silica gel containing the crude synthesized TDTBPP (10) was washed 

with the 50 ml of saturated solution of zinc acetate in methanol. After drying, it was subjected to 

microwave irradiation (250 Watts) for 15 minutes at 111 °C. After cooling, the reaction mixture 

was applied as such onto the top of a silica column and eluted with a mixture of chloroform and 

petroleum ether; b.p 60-90 °C (1:3). Fast moving band was collected and the solvent was 

evaporated to get 5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatozinc(ІІ) (52)  in 94% 

yield. It was crystallized out from dichloromethane/methanol mixture (2:1) to afford reddish blue 

crystals of 5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatozinc(ІІ) (52) 

m.p > 350 °C; Found C, 80.74: H, 8.55: N, 4.65%: C76H92N4Zn requires C, 81.00: H, 

8.23: N, 4.65%; IR(KBr)νmax. 3062, 2960, 2900, 2869, 1600, 1480, 1440, 1400 cm-1; UV-

Vis.(CHCl3)λmax. 422, 529, 603 nm (log ε 5.50, 3.53, 2.97); MS(EI), m/z(%): 1125.2(M+, 53%), 

810.6(100%), 843.2(55%), 667.4(72%), 298.3(21%). 

 

2-Formyl-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) (82) 

5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatonickel(ІІ) (50) (0.04 mmole, 

44.81 mg) and urotropine (1 mmole, 140.19 mg) were powder together in an agate mortar. These 

were doped on H2SO4/silica gel (15 gm) and subjected to microwave heating (200 Watts) for 18 

minutes at 111 °C. After cooling, 50 ml of water was added and the reaction mixture was stirred 

at room temperature for 30 minutes. Water was removed by filtration and the residue was dried 

in a vacuum desiccator. It was applied onto the top of a silica column and eluted with a mixture 

of chloroform and petroleum ether; b.p 60-90 °C (2:1). The fast moving band was collected and 

the solvent was evaporated to afford 2-formyl-5,10,15,20-tetrakis(3’,5’-di-tert-

butylphenyl)porphyrinatonickel(ІІ) (82) in 50% yield. The title porphyrin was crystallized from a 
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dichloromethane/methanol mixture (3:1) to afford bluish red crystals of 2-formyl-5,10,15,20-

tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatonickel(ІІ) (82). 

m.p > 350 °C; Found C, 80.45: H, 8.09: N, 4.89%: C77H92N4NiO requires C, 80.54: H, 

8.08: N, 4.88%; IR(KBr)νmax. 3080, 2970, 2920, 2880, 1680(C=O), 1600, 1480, 1440, 1400, 

1370, 1360 cm-1; UV-Vis.(CHCl3)λmax. 435, 545, 585 nm (log ε 5.86, 4.80, 4.63);  1H.N.M.R 

(500 MHz: CDCl3: Me4Si) δH, ppm 1.45, m (72H, 8t-Bu): 7.71, m (3H, 3p-PhH of C5,10,15): 7.74, 

t (1H, J 1.8 Hz, p-PhH of C20): 7.79, d (2H, J 1.8 Hz, o-Ph2H of C5): 7.82, d  (2H, J 1.8 Hz, o-

Ph2H of C10): 7.82, d (2H, J 1.8 Hz, o-Ph2H of C15): 7.88, d (2H, J 1.8 Hz, C20 o-Ph2H): 8.77, m 

(β-pyrrolic H  7, 8, 12, 13, 17, 18): 9.03, s (CH 3): 9.34, s (CHO); MS(EI), m/z(%): 1147(M+, 

1%), 235(23%), 193(18%), 189 (25%), 57(100%). 

 

2-Formyl-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (83) 

5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatocopper(ІІ) (51) (0.04 mmole, 

44.92 mg) and urotropine (1 mmole, 140.19 mg) were powder together in an agate mortar. These 

were doped on H2SO4/silica gel (15 gm) and subjected to microwave heating (200 Watts) for 18 

minutes at 111 °C. After cooling, 50 ml of water was added and reaction mixture was stirred at 

room temperature for 30 minutes. Water was removed by filtration and residue was dried in a 

vacuum desiccator. It was applied onto the top of a silica column and eluted with a mixture of 

chloroform and petroleum ether; b.p 60-90 °C (2:1). Fast moving band was collected and the 

solvent was evaporated under the vaccum to afford 2-formyl-5,10,15,20-tetrakis(3’,5’-di-tert-

butylphenyl)porphyrinatocopper(ІІ) (83) (51%). The title porphyrin was crystallized out from a 

dichloromethane/methanol mixture (3:1) to afford bluish red crystals of the title formyl 

metalloporphyrin (83). 

m.p > 350 °C; Found C, 80.18: H, 8.04: N, 4.85%: C77H92CuN4O requires C, 80.20: H, 

8.04: N, 4.86; IR(KBr)νmax. 2961, 1671(C=O), 1591, 1560, 1540, 1362, 1345, 1288 cm-1; UV-

Vis.(CHCl3)λmax. 430, 550, 595 nm (log ε 5.71, 4.32, 4.58); MS(EI), m/z(%): 1154(M+, 3%), 

349(100%),  236(71%), 189(24%). 

 

2-{(E)-2′-Bromoethenyl)}-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin- 

atonickel(ΙΙ) (114) 

The title porphyrin (114) was synthesized by following two different synthetic paths. 
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(i) Halo-Wittig Synthesis 

A dry nitrogen flushed round bottom flask was filled with dry THF (50 ml). It was cooled 

at dry ice temperature. Bromomethyltriphenylphosphonium bromide (98) (1.0 mmole, 433.94 

mg) was suspended into dry tetrahydrofuran at dry ice temperature followed by the addition of 

potassium tert-butoxide (1.0 mmole, 112.03 mg) with vigorous stirring. A bright yellow ylide 

was formed after 30 minutes of stirring at -78 °C . 2-formyl-5,10,15,20-tetrakis(3’,5’-di-tert-

butylphenyl)porphyrinatonickel(ІІ) (82) (0.23 mmole, 263.81 mg) was then added into the 

reaction flask. The reaction mixture was stirred at dry ice temperature for 3 hours and then at 

room temperature for the next 4 hours. The progress of the reaction was monitored by t.l.c. The 

reaction mixture was filtered and the filtrate was evaporated under vacuum. The residue was 

dissolved in dichloromethane (100 ml). The resultant solution was washed with distilled water (3 

x 50 ml). The organic layer was dried over anhydrous sodium sulphate and filtered. 

Dichloromethane was evaporated under vacuum and the dried crude product was applied onto the 

top of a silica column (2 cm dia. x 30 cm) and eluted with dichloromethane/cyclohexane mixture 

(1:10). The first slow moving red band was collected and the solvent was evaporated to get 2-

{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) (114) 

in 75% yield. The title porphyrin (114) was crystallized out from dichloromethane/methanol 

(4:1) mixture to get pink red crystals of 2-{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-

tert-butylphenyl)porphyrinatonickel(ΙΙ) (114). 

 

(ii) Zirconocene-Promoted Synthesis  

A dry nitrogen flushed round bottom flask was sequentially charged with activated zinc 

powder (16 mmole, particle size < 150 µm), zirconocene dichloride (2.4 mmole, 700 mg), 2-

formyl-5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatonickel(ІІ) (82) (0.46 mmole, 

527.62 mg), dry tetrahydrofuran (60 ml) and bromoform (4.4 mmole, 1.112 gm). The reaction 

mixture was stirred at room temperature for 12 hours after which reaction was stopped by the 

addition of distilled water (10 ml). Reaction mixture was again stirred at the room temperature 

for the next 30 minutes. 

After the evaporation of THF, the reaction mixture was filtered to remove the water. The 

residue was first washed with distilled water (3 x 20 ml) and then with methanol (3 x 20 ml). The 

dried crude product was applied onto the top of a silica column (2 cm dia. x 30 cm) and eluted 

with dichloromethane/cyclohexane mixture (1:10). The first slow moving red band was collected 

and the solvent was evaporated to get 2-{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-tert-

butylphenyl)porphyrinatonickel(ΙΙ) (114) in 61% yield. The title porphyrin (114) was crystallized 
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out from dichloromethane/methanol (4:1) mixture to afford pink red crystals of 2-{(E)-2′-

bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) (114).  

m.p > 350 °C; Found C, 76.50: H, 7.73: N, 4.55%: C78H93BrN4Ni requires C, 76.46: H, 

7.65: N, 4.57%; IR(KBr)νmax. cm-1 3083, 2980, 2923, 2879, 1605, 1440, 1400, 1370, 1300. UV-

Vis.(CHCl3)λmax. 420, 530, 543 nm (rel. int. 10.62, 8.21, 1.0); 1H.N.M.R (400 MHz: CDCl3: 

Me4Si) δH, ppm 1.45, s (18H, 2t-Bu): 1.46, s (36H, 4t-Bu): 1.47 s (18H, 2t-Bu): 6.64, dd (1H, J 1 

and 13.4 Hz, -CH-CHBr): 6.87, d (1H, J 13.4 Hz, -CH=CHBr): 7.71, m (4H, 4p-PhH): 8.11, m 

(6H, 4o-Ph2H of C5,10,15): 8.23, m (2 H, o-Ph2H of C20): 8.63, bs (IH, β-pyrrolic H on C3 ): 8.80, 

m (6H, β-pyrrolic H at  C7, 8, 12, 13, 17): 8.92, d (1H, J 5 Hz, β-pyrrolic H on C18): MS(ESI), 

m/z(%): 1224.2(M+ + 2, 1.1%), 994.6(32.9%), 765.03(100%), 632.1(48.4%), 600.8(82.3%), 

582.3(39.3%), 421.6(27.4%). 

 

2-{(Z)-2′-Bromoethenyl)}-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin- 

atonickel(ΙΙ) (115) 

The title porphyrin (115) was synthesized by following two different synthetic paths. 

 

(i) Halo-Wittig Synthesis 

A dry nitrogen flushed round bottom flask was filled with dry tetrahydrofuran (50 ml). It 

was cooled at dry ice temperature. Bromomethyltriphenylphosphonium bromide (98) (1.0 

mmole, 433.94 mg) was suspended into dry tetrahydrofuran at dry ice temperature followed by 

the addition of potassium tert-butoxide (1.0 mmole, 112.03 mg) with vigorous stirring. A bright 

yellow ylide was formed after 30 minutes of stirring at -78 °C. 2-formyl-5,10,15,20-

tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatonickel(ІІ) (82) (0.23 mmole, 263.81 mg) was then 

added into the reaction flask. The reaction mixture was stirred at dry ice temperature for 3 hours 

and then at room temperature for the next 4 hours. The progress of the reaction was observed by 

t.l.c. After the reaction completion, the reaction mixture was filtered and the filtrate was 

evaporated under vacuum. The residue was dissolved in dichloromethane (100 ml). The resultant 

solution was washed with distilled water (3 x 50 ml). The organic layer was dried over anhydrous 

sodium sulphate and filtered. Dichloromethane was evaporated under vacuum and the dried 

crude product was applied onto the top of a silica column (2 cm dia. x 30 cm) and eluted with 

dichloromethane/cyclohexane mixture (1:10). The second slow moving red band was collected 

and the solvent was evaporated to get 2-{(Z)-2′-bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-tert-

butylphenyl)porphyrinatonickel(ΙΙ) (115) in 12% yield. The title porphyrin (115) was crystallized 
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out from dichloromethane/methanol (4:1) mixture to get pink red crystals of 2-{(Z)-2′-

bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) (115). 

 

(ii) Zirconocene-Promoted Synthesis  

A dry nitrogen flushed round bottom flask was sequentially charged with activated zinc 

powder (16 mmole, particle size < 150 µm), zirconocene dichloride (2.4 mmole, 700 mg), 2-formyl-

5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatonickel(ІІ) (82) (0.46 mmole, 527.62 mg), 

dry tetrahydrofuran (60 ml) and bromoform (4.4 mmole, 1.112 gm). The reaction mixture was 

stirred at room temperature for 12 hours after which reaction was stopped by the addition of 

distilled water (10 ml). Reaction mixture was again stirred at the room temperature for the next 

30 minutes. 

After the evaporation of THF, the reaction mixture was filtered to remove the water. The 

residue was first washed with distilled water (3 x 20 ml) and then with methanol (3 x 20 ml). The 

dried crude product was applied onto the top of a silica column (2 cm dia. x 30 cm) and eluted 

with dichloromethane/cyclohexane mixture (1:10). The second slow moving red band was 

collected and the solvent was evaporated to get 2-{(Z)-2′-bromoethenyl)}-5,10,15,20-

tetrakis(3',5'-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) (115) in 15% yield. The title porphyrin 

(115) was crystallized out from dichloromethane/methanol (4:1) mixture to get pink red crystals 

of 2-{(Z)-2′-bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) 

(115). 

m.p > 350 °C; Found C, 76.50: H, 7.73: N, 4.55%: C78H93BrN4Ni requires C, 76.46: H, 

7.65: N, 4.57%; IR(KBr)νmax. cm-1 3083, 2980, 2923, 2879, 1605, 1440, 1400, 1370, 1300. UV-

Vis.(CHCl3)λmax. 418, 529, 542 nm (rel. int. 10.57, 8.28, 1.0); 1H.N.M.R (400 MHz: CDCl3: 

Me4Si) δH, ppm 1.45, s (18H, 2t-Bu): 1.46, s (36H, 4t-Bu): 1.47 s (18H, 2t-Bu): 6.78, dd (1H, J 1 

and 7.4 Hz, -CH-CHBr): 6.87, d (1H, J 7.4 Hz, -CH=CHBr): 7.74, m (4H, 4p-PhH): 8.10, m (6H, 

4o-Ph2H of C5,10,15): 8.25, m (2H, o-Ph2H of C20): 8.62, bs (IH, β-pyrrolic H on C3 ): 8.81, m 

(6H, β-pyrrolic H at  C7, 8, 12, 13, 17): 8.95, d (1H, J 5 Hz, β-pyrrolic H on C18): MS(ESI), m/z(%): 

1224.2(M+ + 2, 1.3%), 984.6(56.2%), 772.2(100%), 732.8(84.5%), 678.1(38.7%), 568.7(49.2%), 

456.1(18.7%). 

 

2-{(E)-2′-Bromoethenyl)}-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin- 

atocopper(ΙΙ) (116) 

The title porphyrin (116) was synthesized by following two different synthetic paths. 
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(i) Halo-Wittig Synthesis 

A dry nitrogen flushed round bottom flask was filled with dry tetrahydrofuran (50 ml). It 

was cooled at dry ice temperature. Bromomethyltriphenylphosphonium bromide (98) (1.0 

mmole, 433.94 mg) was suspended into dry tetrahydrofuran at dry ice temperature followed by 

the addition of potassium tert-butoxide (1.0 mmole, 112.03 mg) with vigorous stirring. A bright 

yellow ylide was formed after 30 minutes of stirring at -78 °C. 2-formyl-5,10,15,20-

tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatocopper(ІІ) (83) (0.23 mmole, 264.96 mg) was then 

added into the reaction flask. The reaction mixture was stirred at dry ice temperature for 3 hours 

and then at room temperature for the next 4 hours. The progress of the reaction was monitored by 

t.l.c. After the reaction completion, the reaction mixture was filtered and the filtrate was 

evaporated under vacuum. The residue was dissolved in dichloromethane (100 ml). The resultant 

solution was washed with distilled water (3 x 50 ml). The organic layer was dried over anhydrous 

sodium sulphate and filtered. Dichloromethane was evaporated under vacuum and the dried 

crude product was applied onto the top of a silica column (2 cm dia. x 30 cm) and eluted with 

dichloromethane/cyclohexane mixture (1:5). The first slow moving red band was collected and 

the solvent was evaporated to get 2-{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-tert-

butylphenyl)porphyrinatocopper(ΙΙ) (116) in 60% yield. The title porphyrin (116) was 

crystallized out from dichloromethane/methanol (4:1) mixture to get blood red crystals of 2-{(E)-

2′-bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (116). 

 

(ii) Zirconocene-Promoted Synthesis  

A dry nitrogen flushed round bottom flask was sequentially charged with activated zinc 

powder (16 mmole, particle size < 150 µm), zirconocene dichloride (2.4 mmole, 700 mg), 2-

formyl-5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatocopper(ІІ) (83) (0.46 mmole, 

529.92 mg), dry tetrahydrofuran (60 ml) and bromoform (4.4 mmole, 1.112 gm). The reaction 

mixture was stirred at room temperature for 12 hours after which reaction was stopped by the 

addition of distilled water (10 ml). Reaction mixture was again stirred at the room temperature 

for the next 30 minutes. 

After the evaporation of THF, the reaction mixture was filtered to remove the water. The 

residue was first washed with distilled water (3 x 20 ml) and then with methanol (3 x 20 ml). The 

dried crude product was applied onto the top of a silica column (2 cm dia. x 30 cm) and eluted 

with dichloromethane/cyclohexane mixture (1:5). The first slow moving red band was collected 

and the solvent was evaporated to get 2-{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-tert-

butylphenyl)porphyrinatocopper(ΙΙ) (116) in 61% yield. The title porphyrin (116) was 
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crystallized out from dichloromethane/methanol (4:1) mixture to get blood red crystals of 2-{(E)-

2′-bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (116).  

m.p > 350 °C; Found: C, 76.20 : H, 7.52 : N, 4.53%: C78H93BrCuN4 requires C, 76.16: H, 

7.62: N, 4.55%; IR(KBr)νmax. cm-1 3062, 2985, 2860, 1600, 1480, 1440, 1400, 1370, 1360; UV-

Vis.(CHCl3)λmax. 423, 533 nm (rel. int. 7.46, 1.0); MS(ESI), m/z(%): 1229.47(M+ + 1, 3.1%), 

1179.72(47.2%), 996.03(100%), 858.42(50%), 734.03(83.3%), 665.44(67.5%), 621.4(22.6%). 

 

2-{(Z)-2′-Bromoethenyl)}-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrin- 

atocopper(ΙΙ) (117) 

The title porphyrin (117) was synthesized by following two different synthetic paths. 

(i) Halo-Wittig Synthesis 

A dry nitrogen flushed round bottom flask was filled with dry tetrahydrofuran (50 ml). It 

was cooled at dry ice temperature. Bromomethyltriphenylphosphonium bromide (98) (1.0 

mmole, 433.94 mg) was suspended into dry tetrahydrofuran at dry ice temperature followed by 

the addition of potassium tert-butoxide (1.0 mmole, 112.03 mg) with vigorous stirring. A bright 

yellow ylide was formed after 30 minutes of stirring at -78 °C. 2-formyl-5,10,15,20-

tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatocopper(ІІ) (83) (0.23 mmole, 264.96 mg) was then 

added into the reaction flask. The reaction mixture was stirred at dry ice temperature for 3 hours 

and then at room temperature for the next 4 hours. The progress of the mixture was observed by 

t.l.c. After reaction completion, the reaction mixture was filtered and the filtrate was evaporated 

under vacuum. The residue was dissolved in dichloromethane (100 ml). The resultant solution 

was washed with distilled water (3 x 50 ml). The organic layer was dried over anhydrous sodium 

sulphate and filtered. Dichloromethane was evaporated under vacuum and the dried crude 

product was applied onto the top of a silica column (2 cm dia. x 30 cm) and eluted with 

dichloromethane/cyclohexane mixture (1:5). The second slow moving red band was collected 

and the solvent was evaporated to get 2-{(Z)-2′-bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-tert-

butylphenyl)porphyrinatocopper(ΙΙ) (117) in 15% yield. The title porphyrin (117) was 

crystallized out from dichloromethane/methanol (4:1) mixture to get blood red crystals of 2-{(Z)-

2′-bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (117). 

 

(ii) Zirconocene-Promoted Synthesis  

A dry nitrogen flushed round bottom flask was sequentially charged with activated zinc 

powder (16 mmole, particle size < 150 µm), zirconocene dichloride (2.4 mmole, 700 mg), 2-formyl-

5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatocopper(ІІ) (83) (0.46 mmole, 529.92 mg), 
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dry tetrahydrofuran (60 ml) and bromoform (4.4 mmole, 1.112 gm). The reaction mixture was 

stirred at room temperature for 12 hours after which reaction was stopped by the addition of 

distilled water (10 ml). Reaction mixture was again stirred at the room temperature for the next 

30 minutes. 

After the evaporation of THF, the reaction mixture was filtered to remove the water. The 

residue was first washed with distilled water (3 x 20 ml) and then with methanol (3 x 20 ml). The 

dried crude product was applied onto the top of a silica column (2 cm dia. x 30 cm) and eluted 

with dichloromethane/cyclohexane mixture (1:5). The second slow moving red band was 

collected and the solvent was evaporated to get 2-{(Z)-2′-bromoethenyl)}-5,10,15,20-tetrakis(3',5'-

di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (117) in 15% yield. The title porphyrin (117) was 

crystallized out from dichloromethane/methanol (4:1) mixture to get blood red crystals of 2-{(Z)-

2′-bromoethenyl)}-5,10,15,20-tetrakis(3',5'-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (117). 

m.p > 350 °C; Found: C, 76.20 : H, 7.52 : N, 4.53%: C78H93BrCuN4 requires C, 76.16: H, 

7.62: N, 4.55%; IR(KBr)νmax. cm-1 3062, 2985, 2860, 1600, 1480, 1440, 1400, 1370, 1360; UV-

Vis.(CHCl3)λmax. 425, 538 nm (rel. int. 8.13, 1.0); MS(ESI), m/z(%): 1229.47(M+ + 1, 1.9%), 

1182.05(56.4%), 1001.24(100%), 872.09(78.7%), 837.38(46.4%), 770.02(38.8%). 

 

2-Ethynyl-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) (96) 

The title porphyrin (96) was prepared by following routes. 

 

(i) One Pot Halo-Wittig Synthesis 

A dry nitrogen flushed round bottom flask was filled with dry tetrahydrofuran (50 ml). It 

was cooled at dry ice temperature. Bromomethyltriphenylphosphonium bromide (98) (1.0 

mmole, 433.94 mg) and an excess of potassium tert-butoxide (2.0 mmole, 0.224 gm) were added 

at dry ice temperature with vigorous stirring. A bright yellow ylide was formed after 30 minutes 

of stirring at -78 °C. 2-formyl-5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatonickel(ІІ) 

(82) (0.23 mmole, 263.81 mg) was then added into the reaction flask. The reaction mixture was 

stirred at dry ice temperature for 3 hours and then at room temperature for the next 10 hours. 

The reaction mixture was filtered and the filtrate was evaporated under vacuum. The 

residue was first washed with distilled water (3 x 100 ml) and then with methanol (3 x 100 ml). 

The dried crude product was applied onto the top of a silica column (2 cm dia. x 30 cm) and 

eluted with a mixture of dichloromethane/petroleum ether (b.p 60-80 °C) (2:3). The fast moving 

band was collected and the solvent was evaporated under vacuum to afford 2-ethynyl-5,10,15,20-

tetrakis(3',5'-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) (96) in 73% yield. 
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Crystallization from the mixture of chloroform and methanol (3:1) produced maron red 

crystals of the title ethynyl metalloporphyrin (96). 

 

(ii) One Pot Zirconocene Promoted Synthesis 

A dry nitrogen flushed round bottom flask was sequentially charged with activated zinc 

powder (16 mmole, particle size < 150 µm), zirconocene dichloride (2.4 mmole, 700 mg), 2-formyl-

5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatonickel(ІІ) (82) (0.46 mmole, 527.62 mg), 

dry tetrahydrofuran (60 ml) and bromoform (4.4 mmole, 1.112 gm). The reaction mixture was 

stirred at room temperature for 12 hours after which an excess of potassium tert-butoxide (2.0 

mmole, 0.224 gm) was added and the stirring was continued for the next 6 hours. 

Tetrahydrofuran was evaporated and the residue was washed with methanol (3 x 20 ml). 

It was then dissolved in dichloromethane (50 ml). The organic layer was washed with water (3 x 

50 ml), dried over anhydrous sodium sulphate and filtered. The solvent was removed under 

vacuum and the residue was applied onto the top of a silica column (2 cm dia. x 30 cm) and 

eluted with a mixture of dichloromethane/petroleum ether (b.p 60-80 °C) (2:3). The fast moving 

red band was collected and the solvent was evaporated under vacuum to get 2-ethynyl-5,10,15,20-

tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) (96) in 64% yield. 

Crystallization from the mixture of chloroform and methanol (3:1) produced maron red 

crystals of 2-ethynyl-5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) (96). 

 

(iii) Dehydrohalogenation of Porphyrin (114) and (115) 

A mixture of 2-{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(3’,5’-di-tert-

butylphenyl)porphyrinatonickel(ΙΙ) (114) (0.5 mmole, 611.29 mg) and 2-{(Z)-2′-bromoethenyl)}-

5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) (115) (0.5 mmole, 611.29 

mg) was dissolved in dry tetrahydrofuran (100 ml). This mixture was stirred with an excess of 

potassium tert-butoxide (4.0 mmole, 448.84 mg) for 6 hours at room temperature. 

Tetrahydrofuran was evaporated and the residue was first washed with distilled water (3 x 20 ml) 

and then with methanol (3 x 20 ml). The dried crude product was applied onto the top of a silica 

column (2 cm x 30 cm) and eluted with the mixture of dichloromethane and petroleum ether (b.p 

60-80 °C) (2:3). The fast moving band was collected and the solvent was evaporated under 

vacuum to get 2-ethynyl-5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) (96) 

in  84% yield. 

Crystallization from the mixture of chloroform and methanol (3:1) produced maroon red 

crystals of 2-ethynyl-5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) (96). 
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m.p > 350 °C; Found C, 81.76: H, 8.08: N, 4.88%: C78H92N4Ni requires C, 81.87: H, 

8.10: N, 4.90; IR(KBr)νmax. cm-1 3325(≡C-H), 3082, 2978, 2120(C≡C), 1601, 1480, 1440, 1400, 

1373, 1365; Raman (solid)νmax. cm-1 2118(C≡C); UV-Vis.(CHCl3)λmax. 424, 535 nm (rel. int. 7.9, 

1.0); 1H.N.M.R (400 MHz: CDCl3: Me4Si) δH, ppm 1.44, s (54H,6t-Bu of C5,10,15): 1.51, s (18H, 

t-Bu of C20): 3.1, s (H, -C≡CH): 7.73, bs (4H, 4p-PhH of C5,10,15,20): 7.78, bd (2H, J 2.1 Hz, o-

Ph2H of C20): 7.84, m (6H, 3o-Ph2H of C5,10,15): 8.76, m (β-pyrrolic H at C7,8,12,13,17): 8.96, d (1H, 

J 5 Hz, β-pyrrolic H at C18): 9.0, s (1H, β-pyrrolic H at C3); MS(ESI), m/z(%): 1145.46(M+ + 1, 

1%), 1069.72(85.3%), 984.71(56.3%), 863.03(100%), 786.04(72.4%), 634.57(42.3%). 

 

2-Ethynyl-5,10,15,20-tetrakis(3′,5′-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) 

(108) 

The title porphyrin (108) was prepared by following routes. 

 

(i) One Pot Halo-Wittig Synthesis 

A dry nitrogen flushed round bottom flask was filled with dry tetrahydrofuran (50 ml). It 

was cooled at dry ice temperature. Bromomethyltriphenylphosphonium bromide (98) (1.0 

mmole, 433.94 mg) and an excess of potassium tert-butoxide (2.0 mmole, 0.224 gm) were added 

at dry ice temperature with vigorous stirring. A bright yellow ylide was formed after 30 minutes 

of stirring at -78 °C. 2-formyl-5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatocopper(ІІ) 

(83) (0.23 mmole, 264.96 mg) was then added into the reaction flask. The reaction mixture was 

stirred at dry ice temperature for 3 hours and then at room temperature for the next 10 hours. 

The reaction mixture was filtered and the filtrate was evaporated under vacuum. The 

residue was first washed with distilled water (3 x 100 ml) and then with methanol (3 x 100 ml). 

The dried crude product was applied onto the top of a silica column (2 cm dia. x 30 cm) and 

eluted with a mixture of dichloromethane/petroleum ether (b.p 60-80 °C) (2:3). The fast moving 

band was collected and the solvent was evaporated under vacuum to afford 2-ethynyl-5,10,15,20-

tetrakis(3',5'-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (108) in 63% yield. 

Crystallization from the mixture of chloroform and methanol (3:1) produced orange red 

crystals of 2-ethynyl-5,10,15,20-tetrakis(3',5'-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (108).  

 

(ii) One Pot Zirconocene Promoted Synthesis 

A dry nitrogen flushed round bottom flask was sequentially charged with activated zinc 

powder (16 mmole, particle size < 150 µm), zirconocene dichloride (2.4 mmole, 700 mg), 2-formyl-

5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatocopper(ІІ) (83) (0.46 mmole, 529.92 mg), 
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dry tetrahydrofuran (60 ml) and bromoform (4.4 mmole, 1.112 gm). The reaction mixture was 

stirred at room temperature for 12 hours after which an excess of potassium tert-butoxide (2.0 

mmole, 0.224 gm) was added and the stirring was continued for the next 6 hours. 

Tetrahydrofuran was evaporated and the residue was washed with methanol (3 x 20 ml). 

It was then dissolved in dichloromethane (50 ml). The organic layer was washed with water (3 x 

50 ml), dried over anhydrous sodium sulphate and filtered. The solvent was removed under 

vacuum and the residue was applied onto the top of a silica column (2 cm dia. x 30 cm) and 

eluted with a mixture of dichloromethane/petroleum ether (b.p 60-80 °C) (2:3). The fast moving 

red band was collected and the solvent was evaporated under vacuum to get 2-ethynyl-5,10,15,20-

tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (108) in 64% yield. 

Crystallization from the mixture of chloroform and methanol (3:1) produced orange red 

crystals of 2-ethynyl-5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (108). 

 

(iii) Dehydrohalogenation of Porphyrin (116) and (117) 

A mixture of 2-{(E)-2′-bromoethenyl)}-5,10,15,20-tetrakis(3’,5’-di-tert-

butylphenyl)porphyrinatocopper(ΙΙ) (116) (0.5 mmole, 615 mg) and 2-{(Z)-2′-bromoethenyl)}-

5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (117) (0.5 mmole, 615 mg) was 

dissolved in dry tetrahydrofuran (100 ml).  This mixture was stirred with an excess of potassium 

tert-butoxide (4.0 mmole, 448.84 mg) for 6 hours at room temperature. Tetrahydrofuran was 

evaporated and the residue was first washed with distilled water (3 x 20 ml) and then with 

methanol (3 x 20 ml). The dried crude product was applied onto the top of a silica column (2 cm 

x 30 cm) and eluted with the mixture of dichloromethane/petroleum ether (b.p 60-80 °C) (2:3). 

The fast moving band was collected and the solvent was evaporated under vacuum to get 2-

ethynyl-5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (108) in 84% yield. 

Crystallization from the mixture of chloroform and methanol (3:1) produced orange red 

crystals of 2-ethynyl-5,10,15,20-tetrakis(3’,5’-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (108). 

m.p > 350 °C; Found C, 81.50: H, 8.10: N, 4.88%: C78H92CuN4 requires C, 81.52: H, 

8.07: N, 4.88; IR(KBr)νmax. cm-1 3328(≡C-H), 3300, 3088, 2960, 2110(C≡C), 1600, 1470, 1425, 

1400, 1370, 1360; Raman(solid)νmax. cm-1 2110(C≡C); UV-Vis.(CHCl3)λmax. 425, 545 nm (rel. 

int. 5.7, 1.0); MS(ESI), m/z(%): 1151.02(M+ + 2, 1.7%), 1127.02(25.6%), 1078.11(70.7%), 

893.02(100%), 839.14(53.8%), 764.23(46.5%). 
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1,4-Bis[5΄,10΄,15΄,20΄-tetrakis(3˝,5˝-di-tert-butylphenyl)porphyrinatonickel(ІІ)-

2΄-yl]-1,3-butadiyne (122)  

Copper(І) chloride (2.3 mmole, 225.17 mg) and N,N,N`,N`-tetramethylethylenediamine 

(TMEDA) (2.8 mmole) were added to a vigorously stirred solution of 2-ethynyl-5,10,15,20-

tetrakis(3',5'-di-tert-butylphenyl)porphyrinatonickel(ΙΙ) (96) (0.03 mmole, 34.28 mg) in 

dichloromethane (100 ml) and pyridine (1.0 ml). Reaction mixture was stirred at room 

temperature for 6 hours after which the organic phase was washed with distilled water (3 x 25 

ml) and dried over anhydrous sodium sulphate and filtered. Organic phase was evaporated and 

the residue was purified by column chromatography over silica gel using petroleum ether (b.p 

60-90 °C) and chloroform (1:3) as mobile phase. The fast moving band was collected and the 

solvent was evaporated under the vacuum to afford 1,4-bis[5 ,́10΄,15΄,20΄-tetrakis(3˝,5˝-di-tert-

butylphenyl)porphyrinatonickel(ІІ)-2΄-yl]-1,3-butadiyne (122) in 64% yield. Crystallization from 

dichloromethane/methanol mixture (3:1) produced green crystals of 1,4-bis[5΄,10΄,15΄,20΄-

tetrakis(3˝,5˝-di-tert-butylphenyl)porphyrinatonickel(ІІ)-2΄-yl]-1,3-butadiyne (122). 

m.p > 350 °C; Found C, 81.90: H, 7.98: N, 4.80%: C156H182N8Ni2 requires C, 81.94: H, 

8.02: N, 4.90%; IR(KBr)νmax. cm-1 3481, 3057, 2980, 2925, 2878, 1802, 1600, 1473, 1420, 1400, 

1376, 1367, 1303, 1148; Raman(solid)νmax. cm-1 2197(C≡C); UV-Vis.(CHCl3)λmax. 420, 529, 600 

nm (rel. int. 7.42, 2.1, 1.0); 1H.N.M.R (400 MHz: CDCl3: Me4Si) δH, ppm 1.34, s (36H, 4t-Bu at 

C5,5′): 1.48, s (72H, 8t-Bu at C10,10′,15,15′): 1.54, s (36H, 4t-Bu at C20,20′): 7.63, t (2H, J 1.8 Hz, 2p-

PhH at C5,5′): 7.67, d (4H, J 1.8 Hz, 2o-Ph2H at C5,5′): 7.69, m (4H, 2o-Ph2H at C10,10′,15,15′ ): 7.82, 

t (2H, J 1.8 Hz, 2p-PhH at C20,20′): 7.84, d (2H, J 1.8 Hz, 2p-PhH at C15,15′): 7.87, d (2H, J 1.8 Hz, 

2p-PhH at C10,10′): 7.90, d (4H, J 1.4 Hz, 2o-Ph2H at C20,20′): 8.75, d (2H, J 5 Hz, β-pyrrolic H on 

C17,17′ or C18,18′ ): 8.72, m (8H, β-H): 8.83, d (2H, J 5 Hz, β-pyrrolic H on C17,17′ or C18,18′): 9.0, s 

(2H, β-pyrrolic H on C3,3′); MS(ESI), m/z(%): 2285.2(M+ + 2, 1.3%), 2257.7(12.9%), 

1869(21%), 1743.4(31.7%), 1132.8(100%), 1096.5(72.8%), 943.1(38.8%), 783.7(67.6%). 

 

1,4-Bis[5΄,10΄,15΄,20΄-tetrakis(3˝,5˝-di-tert-butylphenyl)porphyrinatocopper(ІІ) 

-2΄-yl]-1,3-butadiyne (129) 

Copper(І) chloride (2.3 mmole, 225.17 mg) and N,N,N`,N`-tetramethylethylenediamine 

(TMEDA) (2.8 mmole) were added to a vigorously stirred solution of 2-ethynyl-5,10,15,20-

tetrakis(3',5'-di-tert-butylphenyl)porphyrinatocopper(ΙΙ) (108) (0.03 mmole, 34.43 mg) in 

dichloromethane (100 ml) and pyridine (1.0 ml). Reaction mixture was stirred at room temperature 

for 6 hours after which the organic phase was washed with distilled water (3 x 25 ml) and dried over 

anhydrous sodium sulphate and filtered. Organic phase was evaporated and the residue was purified 
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by column chromatography over silica gel using petroleum ether (b.p 60-90 °C) and chloroform (1:3) 

as mobile phase. The fast moving band was collected and the solvent was evaporated to get 1,4-

bis[5 ,́10΄,15 ,́20΄-tetrakis(3˝,5˝-di-tert-butylphenyl)porphyrinatocopper(ІІ)-2΄-yl]-1,3-butadiyne 

(129) in 69% yield. Crystallization from chloroform/methanol mixture (3:1) produced dark green 

crystals of 1,4-bis[5 ,́10΄,15΄,20΄-tetrakis(3˝,5˝-di-tert-butylphenyl)porphyrinatocopper(ІІ)-2΄-yl]-1,3-

butadiyne (129). 

m.p > 350 °C; Found C, 81.67: H, 7.95: N, 4.90%: C156H182Cu2N8 requires C, 81.60: H, 

7.99: N, 4.88%; IR(KBr)νmax. cm-1 3060, 3057, 2966, 2900, 2857, 1600, 1484, 1440, 1400, 1370, 

1360; Raman(solid)νmax. cm-1 2169(C≡C); UV-Vis.(CHCl3)λmax. 422, 517, 546,596, 625 nm (rel. 

int. 8.47, 5.38, 3.72, 1.0, 1.8); MS(ESI), m/z(%): 2294.6(M+ + 1, 1%), 2177.3(37.1%), 

2014.7(44.3%), 1873.1(71.2%), 1146.8(100%), 1028.2(55.3%), 637.6(78.7%). 

 

1,4-Bis[5΄,10΄,15΄,20΄-tetrakis(3˝,5˝-di-tert-butylphenyl)porphyrin-2΄-yl]-1,3-

butadiyne (131) 

1,4-bis[5΄,10΄,15΄,20΄-tetrakis(3˝,5˝-di-tert-butylphenyl)porphyrinatonickel(ІІ)-2΄-yl]-1,3-

butadiyne (122) (0.03 mmole, 68.5 mg) or  1,4-bis[5΄,10΄,15΄,20΄-tetrakis(3˝,5˝-di-tert-

butylphenyl)porphyrinatocopper(ІІ)-2΄-yl]-1,3-butadiyne (129) (0.03 mmole, 68.8 mg) was 

dissolved in dichloromethane (50 ml). Two drops of concentrated sulphuric acid were added and 

the resulting solution was stirred at room temperature for 12 hours. Progress of the reaction was 

monitored by thin layer chromatography. The solution was poured into ice cold water (20 ml) 

and stirred for 5 minutes. The organic layer was separated and washed first with saturated 

solution of sodium bicarbonate (3 x 30 ml) and then with distilled water (3 x 30 ml). The organic 

phase was dried over anhydrous sodium sulphate and filtered. Dichloromethane was evaporated 

under vacuum and the residue was purified by column chromatography over silica gel using 

petroleum ether (b.p 60-80 °C) and dichloromethane (2: 3) as eluent. The fast moving red band 

was collected and the solvent was evaporated to get 1,4-bis[5΄,10΄,15΄,20΄-tetrakis(3˝,5˝-di-tert-

butylphenyl)porphyrin-2΄-yl]-1,3-butadiyne (131) in 88% yield. Orange red crystals of 1,4-

bis[5΄,10΄,15΄,20΄-tetrakis(3˝,5˝-di-tert-butylphenyl)porphyrin-2΄-yl]-1,3-butadiyne (131) were 

obtained from the mixture of dichloromethane and methanol (3:1). 

m.p > 350 °C; Found C, 86.26: H, 8.82: N,5.18%: C156H186N8 requires C, 86.22: H, 8.63: 

N, 5.16%; IR(KBr)νmax. cm-1 3480, 3343 (N-H), 3068, 2979, 2918, 2880, 1800, 1600, 1474, 

1426, 1400, 1371, 1358, 1300, 1150; Raman(solid)νmax. cm-1 2179(C≡C); UV-Vis.(CHCl3)λmax. 

422, 517, 546, 600, 625 nm (rel. int. 5.63, 3.46, 1.78, 1.0, 1.63); MS(ESI), m/z(%): 2172.9(M+ + 
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1, 3.4%), 2067.1(57.3%), 1725.8(100%), 1650.05(46.2%), 1227.04(71.6%), 534.4(43.3%), 

209.7(18.8%).  

 

7.5 Preparation of Propanoic acid/Silica Gel 

Silica gel (15 g, Merck, 60-100 mesh size) was mixed well with 5 g of propanoic acid in a 

mortar. The resultant mixture was dried in an oven at 60 °C for 12 hours. Acidic silica gel was 

obtained as white powder. 

 

7.6 Preparation of H2SO4/Silica Gel 

H2SO4 (5 g, 95%) and silica gel (15 g, Merck, 60-100 mesh size) were mixed in a mortar. 

The resultant mixture was dried in an oven at 90 °C for 12 hours. Acidic silica gel was obtained 

as white powder. 

 

7.7 Bromomethyltriphenylphosphonium bromide (98) 

The title compound was prepared from triphenylphosphine and methylene bromide in 

refluxing toluene using the method described by Wolinsky et al.339 The 

bromomethyltriphenylphosphonium bromide was obtained as white crystalline solid (74%). m.p. 

235-240 °C. lit.339 m.p 240-241 °C. 
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Microwave assisted synthesis, metallation, and b-formylation of porphyrins is described. All synthetic

reactions were carried out on inorganic polymer solid support using microwave energy. It is the first
documented application of the Duff reaction in the field of porphyrins and metalloporphyrins. The over-
all process is simple, easy, and environment friendly. FTIR, UV–visible, elemental analysis, 1H NMR,
and mass spectrometry were used to characterize the compounds.

J. Heterocyclic Chem., 46, 251 (2009).

INTRODUCTION

The solid-state synthetic methods have attracted much

attention and are widely used for the synthesis of a vari-

ety of compounds [1–3]. Microwave assisted organic

synthesis has became an increasingly popular technique

in academic and industrial laboratories because of cer-

tain advantages particularly shorter reaction times, mini-

mum solvent requirement, and ease of purification [4–

6]. Application of microwave power in synthesis, metal-

lation, and substitution reactions of porphyrins is not a

new concept [7–9]. In the past few years, porphyrin

chemistry under microwave heating has been under

intense study with significant benefits. Microwave

assisted reactions are believed to facilitate the polariza-

tion of the substrate thereby increasing the rate of the

reactions [10–12]. Herein, we wish to report the use of

inorganic polymer solid support for synthesis, metalla-

tion, and formylation of porphyrins.

Porphyrins are tetrapyrrolic molecules, the electronic

properties of which can be tailored by the variation of

peripheral substitution or by central atom [13]. A single

porphyrin molecule offers twelve peripheral substitution

positions; four meso and eight b-positions. As a result

peripheral substitution reactions of porphyrin with dif-

ferent functional groups are highly important reactions.

Known functionalization reactions of porphyrins include

sulfonation, nitration, halogenation, and Vilsmeier for-

mylation [14,15]. One functional group that allows

asymmetric modification and is widely used in porphy-

rin chemistry is the formyl group [16,17]. Formyl por-

phyrins are not only prepared synthetically but also

occur naturally [18]. Formyl porphyrins are important

precursors for the synthesis of multiporphyrin systems

[19]. Many methods are available in the literature to for-

mylate the porphyrins at meso and b-positions [20–22].

Both synthetic and natural porphyrins have been formy-

lated by different methods but the most popular is the

Vilsmeier reaction [23]. According to the best of our

knowledge, there has not been a single example to for-

mylate the porphyrins by Duff reaction over inorganic

solid support under microwave radiations.

RESULTS AND DISCUSSION

The classical porphyrin synthesis popularized by

Alder, Longo, and Lindsey makes use of toxic and cor-

rosive solvents [24–26]. However, with the advent of

microwave radiation as source of energy for chemical

reactions, it has been possible to synthesize the porphyr-

ins and metalloporphyrins under solventless conditions

VC 2009 HeteroCorporation
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[27]. The first report of solid-state synthesis of porphyr-

ins under microwave radiations used silica gel, alumina,

clay, and montmonillonite. According to that report, the

yields were poor and not more than 10% [28].

The experimental technique applied for the organic

synthesis described below is based on microwave power.

The aim of this work was to investigate the solid phase

synthesis, metallation, and formylation of porphyrins.

The overall process for the synthesis of formyl porphyr-

ins is rapid, efficient, and eco-friendly (Scheme 1).

Two reaction techniques were used namely (i) Sol-

ventless heating with controlled temperature, and (ii)

Dry media procedure with controlled temperature. Ini-

tially, we used microwave radiation under solventless

conditions for the synthesis of Porphyrin 1 and 2 with-

out using any solid support (Table 1). In another experi-

ment, the mixtures of aldehyde and pyrrole were sup-

ported on dry neutral silica gel and irradiated with

microwave radiation to get Porphyrin 1 and 2 but the

yields were not greater than 10%. Alternatively, silica

gel was first acidified with propanoic acid, dried in an

oven at 50�C for 12 h. This silica gel was used to sup-

port the mixtures of reacting aldehyde and pyrrole.

Upon microwave irradiation, Porphyrin 1 and 2 were

obtained in good yields (Table 2).

Metallation of Porphyrin 1 and 2 was achieved when

mixture of Porphyrin 1 and 2 and metal acetate

adsorbed on neutral silica gel were irradiated under

microwave radiation (Table 3). In another experiment,

propanoic acid/silica gel containing synthesized crude

Porphyrin 1 and 2 were washed thoroughly with the sat-

urated solution of metal acetate in methanol. After dry-

ing, silica gel was irradiated with microwave radiation

to get Metallo-porphyrin 3, 4, 5, and 6 (Table 3). Hence,

after the synthesis of Porphyrin 1 and 2 on acidic silica

gel one may use the same silica gel for the synthesis of

Metalloporphyrin 3, 4, 5, and 6 without any purification

step. One pot synthesis of Metalloporphyrin 3, 4, 5, and

6 was also investigated when mixture of reacting alde-

hyde, pyrrole, and metal acetate were simultaneously

heated under microwave radiations over neutral silica

gel. The results were not more than 6% probably

because of poor synthesis of Porphyrin 1 and 2 over

neutral silica gel. On the other hand, when acidic silica

gel was used for one pot synthesis of Metalloporphyrin

3, 4, 5, and 6, under microwave radiations, metallation

failed because of the acidic environment.

Scheme 1

Table 1

Solventless synthesis of porphyrins.

Mixture Porphyrin

% Age

yield

Pyrrole and Cuminaldehyde Porphyrin [1] 22

Pyrrole and 3,5-di-tert-butyl
benzaldehyde

Porphyrin [2] 20

W ¼ 200 Watts; Time ¼ 6 min; Temperature ¼ 100�C.

Table 2

Solid phase supported porphyrin synthesis.

Mixture over Hþ/silica gel Porphyrin

% Age

yield

Pyrrole and Cuminaldehyde Porphyrin [1] 37

Pyrrole and 3,5-di-tert-butyl
benzaldehyde

Porphyrin [2] 32

W ¼ 200 Watts; Time ¼ 10 min; Temperature ¼ 100�C.

Table 3

Metalloporphyrins.

Mixture over

silica gel Metalloporphyrin

% Age

yield

Ni(OAc)2 and

Porphyrin [1]

Metalloporphyrin [3] 90

Ni(OAc)2 and

Porphyrin [2]

Metalloporphyrin [4] 92

Cu(OAc)2 and

Porphyrin [1]

Metalloporphyrin [5] 94

Cu(OAc)2 and

Porphyrin [2]

Metalloporphyrin [6] 93

W ¼ 250 Watts; Time ¼ 15 min; Temperature ¼ 111�C.
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After successful synthesis (Table 2) and metallation

of Porphyrin 1 and 2 (Table 3), we applied the standard

Vilsmeier method for the introduction of formyl group

onto Metalloporphyrin 3, 4, 5, or 6. Dry neutral silica

gel containing Metalloporphyrin 3, 4, 5, or 6 was mixed

with the Vilsmeier salt adsorbed on silica gel. On micro-

wave irradiation, demetallattion was exclusively

observed. When all attempts to formylate the Metallo-

porphyrin 3, 4, 5, and 6 over silica gel solid support

under microwave radiations were failed, we applied

Duff reaction. Duff reaction require strongly acidic con-

ditions whereas under such conditions metalloporphyrins

demetallate [29]. To overcome this problem, we used

acidified silica gel instead of acid itself under solvent-

less conditions to get formyl porphyrin 7, 8, 9, and 10

(Table 4).

UV–visible spectra of Porphyrin 1 and 2 showed

characteristic Soret and Q bands. On metallation, two

visible bands appeared along with a Soret band. 1H

NMR spectra of free-base Porphyrin 1 and 2 showed a

singlet in the high field region for imino-protons that

disappeared on metallation. Formyl porphyrin 7, 8, 9,

and 10 showed two clear singlets at downfield region;

one for formyl proton and second for b-pyrrolic proton

immediately next to formyl group. FTIR of formyl por-

phyrin 7, 8, 9, and 10 showed clear sharp peak around

1660 cm�1 for C¼¼O group.

EXPERIMENTAL

Melting points were determined on a Kofler micromelting
point apparatus without correction. IR spectra were recorded
on a Nicolet Impact-410 FTIR spectrophotometer in KBr. 1H
NMR spectra were measured in CDCl3 using TMS as internal
standard with a Bruker 500 MHz spectrometer. MS spectra

were taken on a KRATOS-AEI-MS50 spectrometer. Elemental
analyses were performed on a PE-2400 CHN elemental ana-
lyzer. UV/Vis measurements were performed with a Shimadzu
Multispec-1501. All the reactions were performed in the com-

mercial microwave oven having maximum output power 500
Watts. Reagents from Merck and Aldrich Chemical were used.

Anhydrous Silica gel 60–100 (0.063–0.2 mm) was used as
solid support after dehydration under microwave irradiation for
4 min.

General procedures

(i) Solventless heating with controlled temperature. The
reagents were mixed together in a low boiling point solvent at
room temperature. Solvent was removed under vacuum. The
reaction mixture was heated under microwave radiation in a
quartz flask having an outer solvent circulating jacket for the
control of temperature. The sample was cooled in an ice bath.
TLC was used to monitor the reaction progress. The reaction
product was extracted with solvent; the extract was filtered, dried
over anhydrous sodium sulfate, and then the solvent was
removed. The product was purified by column chromatography.

(ii) Dry media procedure with controlled temperature. The
reagents were dissolved in a low boiling point solvent at room
temperature; anhydrous microwave transparent inorganic solid
support (silica gel) was added and the solvent was removed

under vacuum. The adsorbed reaction mixture was introduced
in an open quartz flask having an outer solvent circulating
jacket for the control of temperature. It was subjected to
microwave irradiation. The reaction mixture was cooled in an
ice bath. TLC was used to monitor the reaction progress. The

reaction product was purified by column chromatography. For
column chromatography, the reaction mixture was applied as
such onto silica column and eluted with mixture of solvents.
Solvents were removed under vacuum to get product.

Preparation of propanoic acid/silica. Silica gel (15 g,

Merck, 60–100 mesh size) was mixed well with 5 g of propa-
noic acid in a mortar. The resultant mixture was dried in an
oven at 60�C for 12 h. Acidic silica gel was obtained as white
powder.

Preparation of H2SO4/silica gel. H2SO4 (5 g, 95%) and

silica gel (15 g, Merck, 60–100 mesh size) were mixed in a
mortar. The resultant mixture was dried in an oven at 90�C for
12 h. Acidic silica gel was obtained as white powder.

Porphyrin [1] (1A). A mixture of pyrrole (0.04 mole, 2.68

g) and cuminaldehyde (0.04 mole, 5.93 g) was subjected to
microwave irradiation according to solventless heating with
controlled temperature method (i) (Table 1). After cooling, the
reaction mixture was applied onto silica column and eluted
with chloroform: n-hexane (1:2). The fast moving band was

collected and the solvent was evaporated to get Porphyrin [1]
(22%). mp > 350�C; Anal. Calcd. for C56H54N4: C, 85.89; H,
6.96; N, 7.16. Found: C, 85.79; H, 6.93; N, 7.18. IR(KBr):
mmax 3315 (NAH), 2956, 1470, 1348, 1186, 1053, 966, 802,
735 cm�1; UV(CHCl3) kmax 420, 450, 515, 555, 670 nm; 1H

NMR (CDCl3): d �2.74 (bs, 2NH), 1.53 (d, J ¼ 6.9 Hz,
8CH3), 3.25 (sep, J ¼ 6.9 Hz, 4CH), 7.58 (d, J ¼ 7.8 Hz, 4m-
Ph2H), 8.12 (d, J ¼ 7.8, 4o-Ph2H), 8.84 (s, b-pyrrolic H 2, 3,
7, 8, 12, 13, 17, 18). MS (m/z, %): 782.3 (Mþ, 100%), 780.4
(2.14%), 391.3 (7.74%).

Porphyrin [1] (1B). A mixture of pyrrole (0.04 mole, 2.68
g) and cuminaldehyde (0.04 mole, 5.93 g) was supported on
propanoic acid/silica gel (5 g) and subjected to microwave
irradiation according to dry media procedure (ii) (Table 2). Af-

ter cooling, the reaction mixture was applied as such onto
silica column and eluted with chloroform: n-hexane (1:2). The
fast moving band was collected and the solvent was evapo-
rated to get Porphyrin [1] (37%).

Porphyrin [2] (2A). A mixture of pyrrole (0.04 mole, 2.68

g) and 3,5-di-tert-butylbenzaldehyde (0.04 mole, 8.73 g) was

Table 4

Formylporphyrins.

Mixture on Hþ/
silica gel Product

% Age

yield

Urotropine and

porphyrin [3]

Formyl porphyrin [7] 54

Urotropine and

porphyrin [4]

Formyl porphyrin [8] 50

Urotropine and

porphyrin [5]

Formyl porphyrin [9] 54

Urotropine and

porphyrin [6]

Formyl porphyrin [10] 51

W ¼ 200 Watts; Time ¼ 18 min; Temperature ¼ 111�C.
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subjected to microwave irradiation according to solventless
heating with controlled temperature method (i) (Table 1). After
cooling, the reaction mixture was applied onto silica column
and eluted with chloroform: n-hexane (1:2). The fast moving
band was collected and the solvent was evaporated to get Por-

phyrin [2] (20%). mp > 350�C; Anal. Calcd. for C76H94N4: C,
85.82; H, 8.90; N, 5.20. Found: C, 85.66; H, 8.87; N, 5.23.
IR(KBr):mmax 3320 (NAH), 3060, 2960, 2900, 2860, 1600,
1470, 1420 cm�1; UV(CHCl3) kmax 420, 520, 555, 590, 645
nm; 1H NMR (CDCl3): d �2.67 (bs, 2NH), 1.51 (s, 8t-Bu),

7.74 (t, J ¼ 1.7 Hz, 4p-PhH), 8.07 (d, J ¼ 1.7 Hz, 8o-PhH),
8.87 (s, b-pyrrolic H 2, 3, 7, 8, 12, 13, 17, 18). MS (m/z, %):
1063 (Mþ, 100%), 189 (5%).

Porphyrin [2] (2B). A mixture of pyrrole (0.04 mole, 2.68
g) and 3,5-di-tert-butylbenzaldehyde (0.04 mole, 8.73 g) was

supported on propanoic acid/silica gel (5 g) and subjected to
microwave irradiation according to dry media procedure (ii)
(Table 2). After cooling, the reaction mixture was applied as
such onto silica column and eluted with chloroform: n-hexane
(1:2). The fast moving band was collected and the solvent was
evaporated to get Porphyrin [2] (32%).

Metalloporphyrin [3] (3A). A mixture of Porphyrin [1]
(0.04 mmole, 31.32 mg) and nickel acetate (1 mmole, 176.78
mg) was supported on propanoic acid/silica gel (5 g) and sub-
jected to microwave irradiation according to dry media proce-
dure (ii) (Table 3). After cooling, the reaction mixture was
applied as such onto silica column and eluted with chloroform:
petroleum ether; b.p 60–90�C (1:3). The fast moving band was
collected, and the solvent was evaporated to get Metallopor-
phyrin [3] (90%). mp > 350�C; Anal. Calcd. for C56H52N4Ni:
C, 80.10; H, 6.25; N, 6.67. Found: C, 80.05; H, 6.28; N, 6.68.
IR(KBr):mmax 2956, 1654, 1660, 1351, 1261, 1055, 1004, 812
cm�1; UV(CHCl3) kmax 420, 445, 530 nm. 1H NMR (CDCl3):
d 1.48 (d, J ¼ 6.9 Hz, 8CH3), 3.18 (sep, J ¼ 6.9 Hz, 4CH),
7.50 (d, J ¼ 7.9 Hz, 4m-Ph2H), 7.90 (d, J ¼ 7.9 Hz, 4o-
Ph2H), 8.74 (s, b-pyrrolic H 2, 3, 7, 8, 12, 13, 17, 18). MS
(m/z, %): 839 (Mþ, 75%) 837.7 (100%), 55.1 (16.79%).

Metalloporphyrin [3] (3B). Silica gel obtained directly
from Experiment-1B having adsorbed crude Porphyrin [1] was
thoroughly washed with 50 mL of a saturated solution of

nickel acetate in methanol. Silica gel was dried and heated
under microwave according dry media procedure (ii) (Table
3). After cooling, the reaction mixture was applied as such
onto silica column and eluted with chloroform: petroleum

ether; b.p 60–90�C (1:3). The fast moving band was collected,
and the solvent was evaporated to get Metalloporphyrin [3]
(90%).

Metalloporphyrin [4] (3C). A mixture of Porphyrin [2]
(0.04 mmole, 42.54 mg) and nickel acetate (1 mmole, 176.78

mg) was supported on propanoic acid/silica gel (5 g) and sub-
jected to microwave irradiation according to dry media proce-
dure (ii) (Table 3). After cooling, the reaction mixture was
applied as such onto silica column and eluted with chloroform:
petroleum ether; b.p 60–90�C (1:3). The fast moving band was

collected, and the solvent was evaporated to get Metallopor-
phyrin [4] (92%). mp >350�C; Anal. Calcd. for C76H92N4Ni:
C, 81.48; H, 8.28; N, 5.00. Found: C, 81.52; H, 8.30; N, 5.01.
IR(KBr):mmax 3060, 2960, 2900, 2860, 1600, 1480, 1440, 1400
cm�1; UV(CHCl3) kmax 415, 530 nm. 1H NMR (CDCl3): d
1.46 (s, 8t-Bu), 7.70 (t, J ¼ 2.0 Hz, 4p-PhH), 7.86 (d, J ¼ 2.0
Hz, 8o-PhH), 8.79 (s, b-pyrrolic H 2, 3, 7, 8, 12, 13, 17, 18).
MS (m/z, %) 1118 (Mþ, 100%), 57 (84%).

Metalloporphyrin [4] (3D). Silica gel obtained directly
from Experiment-2B having adsorbed crude Porphyrin [2] was
thoroughly washed with 50 mL of saturated solution of nickel

acetate in methanol. Silica gel was dried and heated under
microwave according dry media procedure (ii) (Table 3). After
cooling, the reaction mixture was applied as such onto silica
column and eluted with chloroform: petroleum ether; b.p 60–
90�C (1:3). The fast moving band was collected, and the sol-

vent was evaporated to get Metalloporphyrin [4] (92%).
Metalloporphyrin [5] (3E). Experiment-3A procedure was

repeated with copper acetate (1 mmole, 181.63 mg) to get
Metalloporphyrin [5] (Table 3) (94%). mp > 350�C; Anal.
Calcd. for C56H52CuN4: C, 79.62; H, 6.21; N, 6.63. Found: C,

79.50; H, 6.23; N, 6.65. IR(KBr):mmax 2922, 1670, 1460, 1342,
1000, 802, 722 cm�1; UV(CHCl3) kmax 415, 540 nm. MS (m/
z, %): 844.6 (Mþ, 15.85%), 842.6 (72%), 837.6 (100%).

Metalloporphyrin [5] (3F). Silica gel obtained directly
from experiment 1-B having crude synthesized Porphyrin 1

was washed thoroughly with 50 mL of a saturated solution of
copper acetate in methanol. After drying, silica gel was irradi-
ated with microwave (Table 3). Pure Metalloporphyrin [5] was
obtained by column chromatography using chloroform: petro-

leum ether; b.p 60–90�C (1:3) as mobile phase. The fast mov-
ing band was collected and the solvent was evaporated to get
pure Metalloporphyrin [5] (94%).

Metalloporphyrin [6] (3G). Experiment-3C procedure was
repeated with copper acetate (1 mmole, 181.63 mg) to get

Metalloporphyrin [6] (Table 3) (93%). mp > 350�C; Anal.
Calcd. for C76H92CuN4: C, 81.13; H, 8.24; N, 4.98. Found: C,
81.20; H, 8.22; N, 5.0. IR.(KBr)mmax 3060, 2980, 2940, 2860,
1600, 1520, 1480, 1440, 1400 cm�1; UV(CHCl3) kmax 420,
540 nm. MS (m/z, %) 1123 (Mþ, 23%), 57 (34%).

Metalloporphyrin [6] (3H). Silica gel obtained directly
from the experiment 2-B having crude synthesized Porphyrin 2
was washed thoroughly with 50 mL of a saturated solution of
copper acetate in methanol. After drying, silica gel was irradi-
ated with microwave (Table 3). Purification was done by col-
umn chromatography using chloroform: petroleum ether; b.p
60–90�C (1:3) as mobile phase. The fast moving band was col-
lected, and the solvent was evaporated to get pure Metallopor-
phyrin [6] (93%).

Formyl porphyrin [7] (4A). Urotropine (1 mmole, 140.19
mg) and Metalloporphyrin [3] (0.04 mmole, 33.59 mg) were

powder together in an agate mortar. These were doped on
H2SO4/silica gel (15 g) and heated under microwave according
to dry media procedure (ii) (Table 4). After cooling, 50 mL of
water was added and reaction mixture was stirred at room tem-
perature for 30 min. Water was removed by filtration and resi-

due was dried in vacuum desiccator. It was applied onto silica
column and eluted with chloroform: petroleum ether; b.p 60–
90�C (2:1). The fast moving band was collected and the sol-
vent was evaporated to get 2-formyl-5,10,15,20-tetrakis(40-iso-
propylphenyl)porphyrinatonickel(II) [7] (54%). mp > 350�C;
Anal.Calcd. for C57H52N4NiO: C, 78.90; H, 6.04; N, 6.46.
Found: C, 78.80; H, 6.03; N, 6.50. IR(KBr)mmax 2956, 2923,
1669 (C¼¼O), 1545, 1507, 1459, 1351, 1056, 1001, 937, 813,
797, 719 cm�1; UV(CHCl3)kmax 435, 545, 585 nm. 1H

NMR(CDCl3): d 1.48 (d, J ¼ 6.7 Hz, 8CH3), 3.18 (sep, J ¼
6.7 Hz, 4CH), 7.52 (d, J ¼ 6.9 Hz, 4m-Ph2H), 7.89 (d, J ¼
6.9 Hz, 4o-Ph2H), 8.72 (m, b-pyrrolic H 7, 8, 12, 13, 17, 18),
9.20 (s, CH 3), 9.34 (s, CHO). MS (m/z, %), 867 (Mþ, 1%),
413 (100%), 277 (24%).
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Formyl porphyrin [8] (4B). Urotropine (1 mmole, 140.19
mg) and Metalloporphyrin [4] (0.04 mmole, 44.81 mg) were
treated according to the procedure describe in experiment (4A)

to get 2-formyl-5,10,15,20-tetrakis(30,50-di-tert-butylphenyl)por-
phyrinatonickel(II) [8] (50%). mp > 350�C; Anal.Calcd. for
C77H92N4NiO: C, 80.54; H, 8.08; N, 4.88. Found: C, 80.45; H,
8.09; N, 4.89. IR(KBr)mmax 3080, 2970, 2920, 2880, 1680
(C¼¼O), 1600, 1480, 1440, 1400, 1370, 1360 cm�1; UV

(CHCl3)kmax 435, 545, 585 nm. 1H NMR(CDCl3): d 1.45 (m,
8t-Bu), 7.71 (m, C5 p-PhH, C10 p-PhH, C15 p-PhH); 7.74 (t, J ¼
1.8 Hz, C20 p-PhH), 7.79 (d, J ¼ 1.8 Hz, C5 o-Ph2H, 6H), 7.82
(d, J ¼ 1.8 Hz, C10 o-Ph2H), 7.82 (d, J ¼ 1.8 Hz, C15 o-Ph2H),
7.88 (d, J ¼ 1.8 Hz, C20 o-Ph2H), 8.77 (m, b-pyrrolic H 7, 8,

12, 13, 17, 18), 9.03 (s, CH 3), 9.34 (s, CHO). MS (m/z, %)
1147 (Mþ, 1%), 235 (23%), 193 (18%), 189 (25%), 57 (100%).

Formyl porphyrin [9] (4C). Experiment (4A) procedure
was repeated by using Metalloporphyrin [5] (0.04 mmole) to
get 2-formyl-5, 10, 15, 20-tetrakis(40-isopropylphenyl)porphy-
rinatocopper(II) [9] (54%) (Table 4). mp > 350�C; Anal.-
Calcd. for C57H52CuN4O: C, 78.46; H, 6.01; N, 6.42. Found:
C, 78.51; H, 6.03; N, 6.44. IR (KBr) mmax 2957, 2923, 1670
(C¼¼O), 1559, 1540, 1507, 1458, 1342, 1055, 1000, 798, 721
cm�1;UV(CHCl3)kmax 430, 550, 595 nm. MS (m/z, %) 872
(Mþ, 3%), 349 (100%), 236 (71%).

Formyl porphyrin [10] (4D). Experiment (4B) procedure
was repeated by using Metalloporphyrin [6] to get 2-formyl-
5,10,15,20-tetrakis(30,50-di-tert-butylphenyl)porphyrinatocopper (II)

[10] (51%) (Table 4). mp > 350�C; Anal.Calcd. for
C77H92CuN4O: C, 80.20; H, 8.04; N, 4.86. Found: C, 80.18; H,
8.04; N, 4.85. IR(KBr)mmax 2961, 1671 (C¼¼O), 1591, 1560, 1540,
1362, 1345, 1288 cm�1. UV(CHCl3) kmax 430, 550, 595 nm. MS
(m/z, %) 1154 (Mþ, 3%), 349 (100%), 236 (71%), 189 (24%).
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ABSTRACT: The synthesis and spectroscopic studies of metalloporphyrin dimers having 1,3-

butadiyne linker attached to the beta pyrrolic positions of the linked porphyrins are reported. 

Bromoethenyl metalloporphyrins were synthesized by zirconocene promoted bromomethylenation of beta 

formyl metalloporphyrins. Bromoethenyl metalloporphyrins were dehydrohalogenated by potassium tert-

butoxide to give beta ethynyl or 2-ethynyl metalloporphyrins. It is the first documented example of 

zirconocene promoted bromomethylenation of beta formyl metalloporphyrins. Bromoethenyl 

metalloporphyrins were also synthesized by halo-Wittig route. 2-ethynyl metalloporphyrins were self 

dimerized to give metalloporphyrin dimers having 1,3-butdiyne linking bridge. FTIR, Raman 

spectroscopy, UV-visible, Elemental analysis, 1HNMR and Mass spectrometry were used to characterize 

the compounds.  
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INTRODUCTION: 

The electronic properties of linear π-conjugated polymers can be tuned by the introduction of aromatic systems, 

electron donating or withdrawing substituents into its main skeleton [1]. Such π-conjugated polymers have been widely 

investigated as organic conductors, multifunctional sensors, field effect transistors and as photovoltaic devices [2-3].  

Porphyrins are cyclic tetrapyrrolic molecules in which four pyrrole molecules are joined through their α carbon 

atoms by four methine bridges. Recent researches in the field of optoelectronics have opened a new horizon for the use 

of porphyrins as advanced materials and as molecular wires [4]. The high polarizability, strong optical oscillator 

strength, and non-linear optical behavior of porphyrins are the desired properties required for ultrafast switching 

technology. Because of extensive conjugation, porphyrin monomer has a small energy gap between the highest 

occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) [5]. Different molecules or 

groups may be introduced on porphyrin as well as the central metal atom may also be changed. Hence, porphyrins offer 

wide range of possibilities to tune their electronic properties either by peripheral substitution or by changing the central 

metal atom. 

A single porphyrin molecule has 22 π-electrons but only 18 of these are included in any conjugated pathway. 

However, there are many examples of expanded porphyrins having 26, 30, 34, 38, and 54 π-electrons [6]. 

Electrochemical data and the electronic spectra of such expanded porphyrins exhibit a sharp change when compared 

with the porphyrins and metalloporphyrin having 22 π-electrons. For example, there is a linear red shift in Soret and Q-

bands upon increasing the π-electrons in the conjugation resulting in the reduction of HOMO-LUMO energy gap [7]. 

Extension of conjugation outside the porphyrin/metalloporphyrin ring is another way to create the red shift in the 

electronic spectra of porphyrins and metalloporphyrins. A single molecule of porphyrin/metalloporphyrin offers twelve 

peripheral substitution positions on which a variety of functional groups have been introduced. But in the majority of 

cases, complete electronic communication between the π-electrons of the porphyrin or metalloporphyrin ring and the 

moiety attached to the porphyrin or metalloporphyrin ring failed because of the steric hindrances. In fact, phenyl or 

alkyl groups attached to the meso- or beta positions are twisted due to the steric hindrance at the porphyrin peripheries, 

resulting in limited π overlap [8]. 

During the last 20 years, there has been a considerable research directed towards the synthesis of multiporphyrin 

systems having 1,3-butadiyne linker [9-10]. Because of its cylindrical symmetry 1,3-butadiyne linker is an efficient 

bridge to facilitate the conjugation between the linked porphyrin or metalloporphyrin macrocycles in any plane. Such 

extended conjugated systems are expected to have lower HOMO-LUMO energy gaps than their parent monomeric 

porphyrins or metalloporphyrins. Such systems could allow the direct electronic communication between the linked 

porphyrins and therefore be of interest in the field of molecular electronics and for the manufacturing of photovoltaic 

devices. 

In this paper we are reporting the synthesis and spectroscopic studies of metalloporphyrin dimers having 1,3-

butadiyne linker attached to the beta pyrrolic positions of the linked macrocycles. The target dimers were prepared by 

two different synthetic paths. The presented synthesis is the part of our research project aimed at to evaluate the effect 

of extended conjugation outside the porphyrin ring in the terms of their electronic properties and their use as 

multifunctional sensors. We selected 5, 10, 15, 20-tetrakis(4'-isopropylphenyl)porphyrin to be the basis of our dimeric 

system. 

RESULTS AND DISCUSSION: 
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Functionalization of porphyrin is one of the hottest topics in the field of porphyrin research. A variety of methods are 

available in the literature to functionalize the porphyrin macrocycle both at meso and beta positions [12-14]. In this 

connection, introduction of formyl group onto the porphyrin molecule has an advantage over the other functional 

groups that this group can be converted into a number of other functional groups by reacting it with different reagents 

[15-16]. 

From the outset of our research, we aimed to investigate a synthetic path for the synthesis of a multiporphyrin system 

having direct electronic communication through the beta pyrrolic positions of the linked porphyrins or 

metalloporphyrins. For this purpose, we selected 1,3-butadiyne as a bridge to link two porphyrins. 1,3-butadiyne linker 

has an advantage over the other linkers that it possesses cylindrical symmetry and hence the problems of steric 

hindrance and limited π-conjugation are ruled out. 

In 1978, Arnold and his co-workers reported the first synthesis and dimerization of a meso-ethynyl porphyrin [17]. 

Their synthetic paths involved Wittig and Grignard methylenation of meso-formyloctaethylporphyrin. In 1992, Arnold 

and his co-workers reported an improved synthesis of their previously reported bis-porphyrin by four step halo-Wittig 

synthetic path [18]. Gosper and Ali extended Arnold halo-Wittig reaction methodology for the synthesis of a 

conformationally constrained conjugated porphyrin dimer [11].  

Our starting materials 2-formyl-5, 10, 15, 20-tetrakis(4'-isopropylphenyl)porphyrinatonickel(ΙΙ) [Porphyrin 1] and 2-

formyl-5, 10, 15, 20-tetrakis(4'-isopropylphenyl)porphyrinatocopper(ΙΙ) [Porphyrin 2] were synthesized according to 

the method described in the literature [19] and were used as  precursors for self dimerization. 

Initially, we applied the halo-Wittig reaction scheme described by Arnold [18] to Porphyrin 1 and 2 for the synthesis 

of trans and cis bromoethenyl porphyrins. According to Arnold, halo-Wittig reaction failed for the copper complex of 

meso formyl octaethylporphyrin [18]. However, in our case halo-Wittig scheme worked well both for the copper and 

nickel complexes of beta or 2-formyl porphyrin. In a typical reaction, bromomethyltriphenylphosphonium bromide [18] 

was stirred with one equivalent of potassium tert-butoxide under nitrogen atmosphere to produce bright yellow ylide at 

-78 °C.  Porphyrin 1 or 2 was made to react with this ylide at -78 °C for 3 hours and then at room temperature for the 

next four hours under the nitrogen atmosphere. This produced 2-{(E)-2′-bromoethenyl)}-5, 10, 15, 20-tetrakis(4'-

isopropylphenyl)porphyrinatonickel(ΙΙ) (Porphyrin 3), and 2-{(Z)-(2′-bromoethenyl)}-5, 10, 15, 20-tetrakis(4'-

isopropylphenyl)porphyrinatonickel(ΙΙ) (Porphyrin 4), or 2-{(E)-2′-bromoethenyl)}-5, 10, 15, 20-tetrakis(4'-

isopropylphenyl)porphyrinatocopper(ΙΙ) (Porphyrin 5) and 2-{Z)-(2′-bromoethenyl)}-5, 10, 15, 20-tetrakis(4'-

isopropylphenyl)porphyrinatocopper(ΙΙ) (Porphyrin 6). The Porphyrin 3 and 4 were obtained in 80 and 16% yields 

whereas Porphyrin 5 and 6 were obtained in 72 and 10% yields respectively. 

Porphyrin 3 and 4 or 5, and 6 were dehydrobrominated into 2-ethynyl-5, 10, 15, 20-tetrakis(4'-

isopropylphenyl)porphyrinatonickel(ΙΙ) (Porphyrin 7) or 2-ethynyl-5, 10, 15, 20-tetrakis(4'-

isopropylphenyl)porphyrinatocopper(ΙΙ) (Porphyrin 8) on further reacting with excess of potassium tert-butoxide in 

THF at room temperature. The yield of the dehydrohalogenated reaction from the bromoethenyl porphyrins 3 and 4 or 5 

and 6 was 80%. One pot synthesis of Porphyrin 7 or 8 was also achieved when two equivalents of potassium tert-

butoxide was made to react with bromomethyltriphenylphosphonium bromide and Porphyrin 1 or 2. The yields of 

Porphyrin 7 and 8 for one pot procedure were found to be 77 and 65% respectively (Scheme 1).  

In 1989, Tour et al [20] described zirconium promoted methylenation of aldehydes, ketones and enones. Tour used 

dibromomethane for the methylenation of aldehydes and we replaced it with bromoform. This modified Tour reaction 

worked well for the synthesis of bromoethenyl porphyrins. Unlike the halo-Wittig reaction scheme, zirconocene 

promoted halomethylenation reaction gave the same product yield both for Porphyrin 1 and 2.  In a typical reaction, the 

mixture of zinc metal, zirconocene dichloride, THF, Porphyrin 1 or 2 and bromoform were stirred at room temperature 
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for 12 hours under the dry N2 atmosphere. This gave a mixture of trans and cis bromoethenyl porphyrin 3 and 4 or 5 

and 6 in 70% yield. The ratio of Porphyrin 3 to 4 or 5 to 6 obtained in this reaction was 3:1. Porphyrin 3 and 4 or 5 and 

6 were dehydrohalogenated at room temperature by reacting with an excess of potassium tert-butoxide in THF to give 

2-ethynyl Porphyrin 7 or 8 in 80% yield. The dehydrohalogenation was also achieved in situ by the addition of 

potassium tert-butoxide base after the 12 h during the zirconium promoted bromomethylenation of Porphyrin 1 or 2. 

This one pot procedure gave the Porphyrin 7 or 8 in 56% yield (Scheme 1). 

Initially standard Glaser conditions were employed for the self dimerization of Porphyrin 7 or 8 which failed to give 

the required product. Alternatively, Eglinton conditions were employed and a solution of Porphyrin 7 or 8 in dry 

pyridine was stirred at 60 oC with anhydrous copper (II) acetate in the presence of air for 8 h. No reaction was observed 

even when the reaction temperature was raised to reflux. It resulted in the slow degradation of the starting materials. No 

dimerization was observed even after bubbling oxygen through the solution. 

When the dimerization was carried out at 28 oC in acetone solvent with the use of N,N,N`,N`-tetramethylenediamine 

(TMEDA) and copper(I) chloride catalyst, it again resulted in no reaction. Glaser-Hay coupling of Porphyrin 7 or 8 with 

CuCl and TMEDA in CH2Cl2/1% pyridine produced metalloporphyrin dimer Porphyrin 9 or 10 (Scheme 1). 

Demetallation of Porphyrin 9 or 10 under the acidic conditions gave metal free Porphyrin dimer 11. 

FTIR-spectrum of Porphyrin 1 or 2 showed strong absorption around 1670 cm-1 due to C=O stretching that 

disappeared after bromomethylenation. FTIR-spectrum of Porphyrin 7 or 8 showed weak absorption around 2162 cm-1 

for C≡C stretch and a peak of medium intensity around 3314 cm-1 due to ≡C-H stretch. The Raman spectra of Porphyrin 

7 and 8 showed strong absorption around 2162 cm-1 for C≡C stretch. As was expecting for symmetrical alkynes, FTIR 

of Porphyrin 9 and 10, showed no absorptions for C≡C stretch but their Raman spectra showed clear, strong absorptions 

at 2180 and 2172 cm-1 for C≡C stretch respectively. The Raman spectrum of metal free dimer, Porphyrin 11, showed 

absorption at 2175 cm-1 for C≡C stretch. 

A comparison of UV-visible spectra of Porphyrin 9 with Porphyrin 7 (Figure 1) shows that the Soret band of 

Porphyrin 9 undergoes 3 nm bathochromic shift with significant broading. The UV-visible spectrum of Porphyrin 7 

shows absorption peaks at 430 and 540 nm. The electronic absorption spectrum of Porphyrin 9 shows absorptions at 

433 and 545 nm along with an extra absorption at 591 nm. These changes indicate that some degree of electronic 

perturbation has occurred upon dimerization.  

 A comparison of UV-visible spectra of Porphyrin 10 with the Porphyrin 8 (Figure 2) shows that the Soret band of 

Porphyrin 10 undergoes 2 nm red shift with significant broading. An extra absorption at 596 nm was also observed for 

Porphyrin 10. It shows that even though the Porphyrin 10 has conjugation pathway via beta positions, only minor 

electronic interaction is observed between the Porphyrin macrocycles and the same is true for the Porphyrin 9. 

1HNMR spectra of Porphyrin 7 showed a singlet at 3.11 δ for ≡C-H that disappeared after the self dimerization of 

Porphyrin 7. Porphyrin 7 showed another singlet at 8.98 δ for the β-pyrrolic proton at the C3 position due to the 

neighboring ethyne substituent. Porphyrin 11 showed a broad singlet at - 2.62 δ because of four imino protons and a 

singlet at 9.18 δ for β-pyrrolic protons at C3, 3′. 

EXPERIMENTAL: 

Melting points were determined on a Kofler micro melting point apparatus without correction. IR spectra were 

recorded on a Nicolet Impact-410 FTIR spectrophotometer in KBr. Raman spectra were recorded with a Spex Model 

1401 spectrometer using 488.0 and 514.5 nm wavelength excitation from an argon laser. 1HNMR spectra were 

measured in CDCl3 using TMS as internal standard with a Bruker 400 MHz spectrometer. Mass spectra were taken on a 
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Bruker BioApex 47e FTMS fitted with an Analytical Electrospray source. Elemental analyses were performed on a PE-

2400 CHN elemental analyzer. UV-Vis measurements were performed with a Shimadzu Multispec-1501. Reagents 

from Merck and Aldrich Chemical Co. were used. 

General Procedures: 

Zirconocene promoted bromoethenyl Porphyrin synthesis:  

A dry N2 flushed round bottom flask was sequentially charged with activated zinc powder (16 mmole, particle size < 

150 µm), zirconocene dichloride (2.4 mmole) Porphyrin 1 or 2 (0.46 mmole), dry THF (60 ml), and bromoform (4.4 

mmole). The solution was stirred at room temperature for 12 h after which reaction was stopped by the addition of 

distilled water (10 ml). Reaction mixture was stirred for the next 30 min. 

Reaction mixture was filtered and the filtrate was evaporated under vacuum. The residue was first washed with 

distilled water (3x 20 ml) and then with methanol (3 x 20 ml). The dried crude product was applied onto the top of a 

silica column and eluted with cyclohexane. The first two slow moving red bands were collected and the solvent was 

evaporated to get trans and cis bromoethenyl Porphyrins (3 and 4 or 5 and 6). Red crystals of Porphyrin 3 or 4 were 

obtained by the slow evaporation of dichloromethane and methanol (4:1) mixture whereas red rose crystals of 

Porphyrins 5 or 6  were obtained by the similar process of crystallization. 

Halo-Wittig promoted bromoethenyl Porphyrin synthesis: 

A dry N2 flushed round bottom flask was filled with dry THF (50 ml). It was cooled at dry ice temperature. 

Bromomethyltriphenylphosphonium bromide (1.0 mmole) and potassium tert-butoxide (1.0 mmole) were added at dry 

ice temperature with vigorous stirring. A bright yellow ylide was formed after 30 min. Porphyrin 1 or 2 (0.23 mmole) 

was then added into the reaction flask. The reaction mixture was stirred at dry ice temperature for 3 h and then at room 

temperature for the next 4 h.  

     The reaction mixture was filtered and the filtrate was evaporated under vacuum. The residue was first washed 

with distilled water (3x 25 ml) and then with methanol (3 x 50 ml). The dried crude product was applied onto the top of 

a silica column and eluted with cyclohexane. The first two slow moving red bands were collected and the solvent was 

evaporated to get trans and cis bromoethenyl Porphyrins (3 and 4 or 5 and 6). Red crystals of Porphyrin 3 or 4 were 

obtained by the slow evaporation of dichloromethane and methanol (4:1) mixture whereas purple red crystals of 

Porphyrins 5 or 6  were obtained by the similar process of crystallization.   

Ethyne substituted Porphyrin synthesis: 

Porphyrin 3 and 4 or 5 and 6 (1.0 mmole) were stirred with an excess of potassium tert-butoxide (4.0 mmole) in dry 

THF (100 ml) for 6 h. THF was evaporated and the residue was first washed with distilled water (3x 20 ml) and then 

with methanol (3 x 20 ml). The dried crude product was applied onto the top of a silica column and eluted with the 

mixture of chloroform and cyclohexane (1:10). The fast moving band was collected and the solvent was evaporated 

under vacuum to get Porphyrin 7 or 8. Crystallization from the mixture of chloroform and methanol (3:1) produced dark 

red crystals of Porphyrin 7 whereas rose red crystals of Porphyrin 8 were obtained by the similar process of 

crystallization. 

Dimerization of Porphyrin:  
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CuCl (2.3 mmole) and TMEDA (2.8 mmole) were added to a vigorously stirred solution of Porphyrin 7 or 8 (0.03 

mmole) in dichloromethane (100 ml) and pyridine (1.0 ml). Reaction mixture was stirred at room temperature for 6 h 

after which the organic phase was washed with water (3 x 25 ml). Organic phase was evaporated and the residue was 

purified by column chromatography using petroleum ether (b.p 60–90 0C) and chloroform (1:3) as mobile phase. The 

fast moving band was collected and the solvent was evaporated to get pure Porphyrin 9 in 73% yield or pure Porphyrin 

10 in 83% yield. Green crystals of Porphyrin 9 were obtained from the mixture of chloroform and methanol (3:1) 

whereas Porphyrin 10 produced dark green crystals by the similar process of crystallization. 

Demetallation of Porphyrin: 

Porphyrin 9 or 10 (0.03 mmole) was dissolved in dichloromethane (50 ml). Two drops of concentrated sulphuric acid 

were added and the solution was stirred at room temperature for 12 h. Progress of the reaction was monitored by thin 

layer chromatography. The solution was poured into ice cold water (20 ml) and stirred for 5 min. The organic layer was 

separated and washed first with saturated solution of sodium bicarbonate (2x 25 ml) and then with water (2x 25 ml). 

The organic phase was dried over anhydrous sodium sulphate. Dichloromethane was evaporated under vacuum and the 

residue was purified by column chromatography using petroleum ether (b.p 60-80 0C) and dichloromethane (1: 4.5) as 

eluent. The fast moving red band was collected and the solvent was evaporated to get Porphyrin 11 in 86% yield. Purple 

red crystals of Porphyrin 11 were obtained from the mixture of dichloromethan and methanol (3:1). 

Porphyrin 1: 

mp > 350 oC; Anal. calcd. for C57H52N4NiO: C, 78.90; H, 6.04; N, 6.46. Found: C, 78.80; H, 6.03; N, 6.48. IR (KBr): 

νmax, cm-1 2956, 2923, 1669(C=O), 1545, 1507, 1459, 1351, 1056, 1001, 937, 813, 797, 719.  UV-vis  (CHCl3): 

λmax,nm, (rel. int.) 435 (16.4), 545 (1.26), 585 (1.0). 1HNMR (400 MHz; CDCl3; Me4Si ): δH, ppm 1.48 ( 24H, d, -CH-

(CH3)2 , J = 6.7 Hz ), 3.18 (4H, sep, -CH-(CH3) , J = 6.7 Hz), 7.52 (8H, d, m-PhH, J = 6.9 Hz), 7.89 ( 8H, d, o-PhH, J = 

6.9 Hz), 8.72 (6H, m, β-pyrrolic H at C7, 8, 12, 13, 17, 18), 9.20 (1H, s, β-pyrrolic H at C3), 9.34 (1H, s, -CHO). MS (ESI): 

m/z, 867(calcd. for M+). 

Porphyrin 2: 

mp > 350 oC; Anal. calcd. for C57H52CuN4O: C, 78.46; H, 6.01; N, 6.42. Found: C, 78.51; H, 6.03; N, 6.44. IR 

(KBr): νmax, cm-1 2957, 2923, 1670(C=O), 1559, 1540, 1507, 1458, 1342, 1055, 1000, 798, 721; UV-vis (CHCl3): λmax, 

nm, (rel. int.) 430 (16.68), 550 (1.31), 595 (1.0). MS (ESI): m/z, 872 (calcd. for M+). 

Porphyrin 3: 

mp > 350 oC; Anal. calcd. for C58H53BrN4Ni: C, 73.74; H, 5.65; N, 5.93. Found: C, 73.78; H, 5.62; N, 5.94. IR 

(KBr): νmax, cm-1 2955, 2920, 2850, 1654, 1609, 1458, 1347, 1292, 1006, 812, 717. UV-vis (CHCl3): λmax, nm, (rel. int.) 

420 (11.53), 535 (1.0). 1HNMR (400 MHz; CDCl3; Me4Si): δH, ppm 1.52 (24H, d, -CH-(CH3)2 , J = 6.5 Hz), 3.20 (4H, 

sep, -CH-(CH3)2 ,  J = 6.5 Hz), 6.43 (1H, d, -CH=CHBr, J = 13.8 Hz), 6.71 (1H, d, -CH=CHBr,  J = 13.8 Hz), 7.56 (8H,  

m, m-PhH), 7.91 (6H, m, o- PhH of C5,10,15), 7.98 (2H, m, o- PhH of C20), 8.68 (IH, s, β-pyrrolic H on C3 ), 8.76 (6H, m, 

β-pyrrolic H at  C7, 8, 12, 13, 17, 18). MS (ESI): m/z, 943.29(calcd. for M + H)+. 

Porphyrin 4: 

mp > 350 oC; Anal. calcd. for C58H53BrN4Ni: C, 73.74; H, 5.65; N, 5.93. Found: C, 73.84; H, 5.63; N, 5.94. IR 

(KBr): νmax, cm-1 2955, 2920, 2850, 1654, 1609, 1458, 1347, 1292, 1006, 812, 717. UV-vis (CHCl3): λmax, (rel. int.), nm 
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420 (11.53), 535 (1.0). 1HNMR (400 MHz; CDCl3; Me4Si): δH, ppm 1.52 (24H, d, -CH-(CH3)2 , J = 6.5 Hz), 3.20 (4H, 

sep, -CH-(CH3)2 , J = 6.5 Hz), 6.5 (1H, d, -CH=CHBr, J = 7.9 Hz), 6.71 (1H, d, -CH=CHBr, J= 7.9 Hz), 7.56 (8H,  m, 

m-PhH), 7.91 (6H, m, o- PhH of C5,10,15), 7.98 (2H, m, o-C20 PhH),  8.68 (1H, s, β-pyrrolic H on C3 ), 8.76 (6H, m, β-

pyrrolic H at C7, 8, 12, 13, 17, 18).  MS (ESI): m/z, 943.29 (calcd. for M + H)+. 

Porphyrin 5: 

mp > 350 oC; Anal. calcd. for C58H53BrCuN4: C, 73.37; H, 5.63; N, 5.90. Found: C, 73.30; H, 5.65; N, 5.86. IR 

(KBr): νmax, cm-1 2954, 2920, 2850, 1655, 1609, 1458, 1345, 1292, 1000, 815, 720. UV-vis (CHCl3): λmax, (rel. int.), nm 

425 (10.82), 545 (1.0). MS (ESI): m/z, 948.29 (calcd. for M + H)+. 

Porphyrin 6: 

mp > 350 oC; Anal. calcd. for C58H53BrCuN4: C, 73.37; H, 5.63; N, 5.90. Found: C, 73.22; H, 5.64; N, 5.91. IR 

(KBr): νmax, cm-1 2954, 2920, 2850, 1655, 1609, 1458, 1345, 1292, 1000, 815, 720. UV-vis (CHCl3): λmax, (rel. int.), nm 

425 (10.82), 545 (1.0). MS (ESI): m/z, 948.29 (calcd. for M++H)+. 

Porphyrin 7: 

mp > 350 oC; Anal. calcd. for C58H52N4Ni: C, 80.65; H, 6.07; N, 6.49. Found: C, 80.84; H, 6.06; N, 6.50. IR (KBr): 

νmax, cm-1 3314(≡C-H), 2956, 2923, 2162(C≡C), 1507, 1342, 1055, 1001, 798, 719. Raman (solid): νmax, cm-1 2162 

(C≡C). UV-vis (CHCl3): λmax, (rel. int.), nm 430 (8.5), 540 (1.0). 1HNMR (400 MHz; CDCl3; Me4Si): δH, ppm 1.54 

(24H, d, -CH-(CH3)2 , J = 6.4 Hz), 3.11 (1H, s, ≡C-H), 3.24 (4H, sep, -CH-(CH3)2 , J = 6.4 Hz), 7.55 (6H, m, m-PhH of 

C5,10,15), 7.68 (2H, d, m-PhH of C20, J = 6.7 Hz), 7.94 (2H, d, o-PhH of C20, J = 6.7 Hz),8.66 (1H, d, β-pyrrolic H at C17, 

J = 5 Hz) 8.73-8.78 (4H, m, β-pyrrolic H at C7, 8, 12, 13), 8.88 (1H, d, β-pyrrolic H at C18, J = 5 Hz), 8.98 (1H, s, β-

pyrrolic H on C3 ). MS (ESI): m/z, 862.30 (calcd. for M+).”  

Porphyrin 8: 

mp > 350 oC; Anal.calcd. for C58H52CuN4: C, 80.20; H, 6.03; N, 6.45. Found: C, 80.01; H, 6.03; N, 6.43. IR (KBr): 

νmax, cm-1 3318(≡C-H), 2956, 2924, 2158(C≡C), 1559, 1459, 1350, 1261, 1055, 1004, 812, 712. Raman (solid): νmax, 

cm-1 2158 cm-1 (C≡C). UV-vis (CHCl3): λmax, (rel. int.), nm 435 (7.69), 550 (1.0). MS (ESI): m/z, 867.30 (calcd for 

M+).  

Porphyrin 9: 

mp > 350 oC; Anal. calcd. for C116H102N8Ni2: C, 80.74; H, 5.96; N, 6.49. Found: C, 80.9; H, 5.97; N, 6.51. IR (KBr): 

νmax, cm-1 2958, 2922, 1550, 1510, 1455, 1340, 1051, 1001, 937, 813, 797, 719. Raman (solid): νmax, cm-1 2180 (C≡C). 

UV-vis (CHCl3): λmax, (rel. int.), nm 433 (7.36), 545 (1.69), 591 (1.0). 1HNMR (400 MHz; CDCl3; Me4Si): δH, ppm 1.50 

(36H, m, (CH3)2-CH- ),  1.57 (12H, d, (CH3)2-CH-, J = 6.8 Hz), 3.24-3.34 (8H, m, -CH-(CH3)2 ), 7.73 (12H, m, m- PhH 

at C5,5′,10,10′.15,15′ ), 7.78 (4H, d, m-PhH at C20,20′, J = 7.0 Hz), 7.94 (12H, m, o-PhH, at C5,5′,10,10′,15,15′ ), 8.0 ( 4H, d, o-PhH 

at  C20,20′ , J = 7.0 Hz), 8.72 (2H, d, β-pyrrolic H on C17,17′ or C18,18′ , J = 5 Hz ), 8.68 (8H, m, β-H), 8.8 (2H, d, β-pyrrolic 

H on C17,17′ or C18,18′ J = 5 Hz ), 8.99 (2H, s, β-pyrrolic H on C3,3′).  MS (ESI): m/z, 1724.2 (calcd. for M + 2H)+. 

Porphyrin 10: 
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mp > 350 oC; Anal. calcd. for C116H102Cu2N8: C, 80.29; H, 5.92; N, 6.46. Found: C, 80.08; H, 5.93; N, 6.46. IR 

(KBr): νmax, cm-1 2960, 2925, 1552, 1538, 1510, 1455, 1340, 1056, 1004, 800, 717. Raman (solid): νmax, cm-1 2172 

(C≡C). UV-vis (CHCl3): λmax, (rel. int.), nm 437 (7.13), 553 (1.88), 589 (1.0). MS (ESI) m/z, 1733.24 (calcd for M + 

H)+. 

Porphyrin 11: 

mp > 350 oC; Anal.calcd. for C116H106N8: C, 86.42; H, 6.63; N, 6.95. Found: C, 86.26; H, 6.64; N, 6.95. IR (KBr): 

νmax, cm-1 3320 (N-H), 2952, 1560, 1478, 1350, 1190, 1101, 1053, 969, 800, 731. Raman (solid): νmax, cm-1 2175. UV-

vis (CHCl3): λmax, (rel. int.), nm 425 (5.50), 520 (3.37), 551 (1.95), 600 (1.0), 628 (1.25). 1HNMR (400 MHz; CDCl3; 

Me4Si): δH, ppm - 2.62 (4H, bs, -NH), 1.56 (36H, m, (CH3)2-CH- ), 1.63 (12H, d, (CH3)2-CH- , J= 6.8 Hz), 3.31-3.4 (8H, 

m, -CH-(CH3)2 ), 8.13 (12H, m, m-PhH of C5,5′,10,10′.15,15′ ), 8.21 (4H, d, m-PhH at C20,20′,  J = 6.9 Hz), 8.16 (12H, m, o-

PhH at C5,5′,10,10′,15,15′ ), 8.28 ( 4H, d, o-PhH at C20,20′ J = 7.6 Hz), 8.86 (2H, d, β-pyrrolic H on C17,17′ or C18,18′, J = 4.8 

Hz), 8.81 (8H, m, β-H), 8.99 (2H, d, β-pyrrolic H on C17,17′ or C18,18′, J = 4.8 Hz), 9.18 (1H, s, β-pyrrolic H on C3,3′).  

MS (ESI) m/z, 1614.06(M + 4H)+. 

CONCLUSION: 

Zirconocene promoted bromomethylenation of beta formyl metalloporphyrins is a new route for the synthesis of 

bromoethenyl metalloporphyrins. 

Acknowledgements: 

We are thankful to the Higher Education Commission of Pakistan for the financial support to this research work. 

REFERENCES: 

1. (a) Drobizhev M, Stepanenko Y, Dzenis Y, Karotki A, Rebane A, Taylor PN and Anderson HL. J. Am. Chem. Soc. 

2004; 126: 15352-15353.   

(b) Karotki A, Drobizhev M, Dzenis Y, Taylor PN, Anderson HL and Rebane A. Phys. Chem. Chem. Phys. 2004; 06: 

07-10. 

2. (a) Saleem M, Sayyad MH, Karimov KS, Ahmad Z, Shah M, Yaseen M, Khokhar I and Ali M. J. Optoelectron. Adv. 

Mater. 2008; 10: 1468-1472. 

(b) Saleem M, Sayyad MH, Karimov KS, Yaseen M and Ali M. Sens. Actuators, B. 2009; 13: 442–446. 

3. Sayyad MH, Ahmad Z, Karimov KhS, Yaseen M and Ali M. J. Phys. D:Appl. Phys. 2009; 42: doi: 10.1088/0022-

3727/42/10/105112. 

4. (a)Takagi A, Yanagawa Y, Tsuda A, Aratani N, Matsumoto T, Osuka A and Kawai T. Chem. Commun. 2003; 2986-

2987. 

(b) Saleem M, Sayyad MH, Karimov KS, Yaseen M and Ali M. J. Mater. Sci. 2009; 44: 1192-1197. 

5. Kadish KM and Caemelbecke EV.  J. Solid State Electrochem. 2003; 7: 254-258. 

6. (a) Mori S, Kim KS, Yoon ZS, Noh SB, Kim D and Osuka A. J. Am. Chem. Soc. 2007; 129: 11344-11345. 

(b)Yoon M-C, Noh SB, Tsuda A, Nakamura Y, Osuka A and Kim D. J. Am. Chem. Soc. 2007; 129: 10080-10081. 

7. (a) Chandrashekar TK and Venkatraman S. Acc. Chem. Res. 2003; 36: 676-691. 

(b) Rath H, Sankar J, PrabhuRaja V, Chandrashekar TK, Joshi BS and Roy R. Chem. Commun. 2005; 3343- 3345. 

8. Anderson HL. Chem. Commun. 1999; 2323-2330. 



9 

 

 

9. (a) Kelley RF, Lee SJ, Wilson TM, Nakamura Y, Tiede DM, Osuka A, Hupp JT and Wasielewski MR.  J. Am. 

Chem. Soc. 2008; 130: 4277-4284. 

(b) Hoffmann M, Wilson CJ, Odell B and Anderson HL. Angew. Chem. Int. Ed. 2007; 46: 3122-3125. 

(c) Yamada H, Kushibe K, Okujima T, Uno H and Ono N. Chem. Commun.  2006; 383-385. 

(d) Screen TEO, Lawton KB, Wilson GS, Dolney N, Ispasoiu R, III TG, Martin SJ, Bradley DDC and Anderson HL. J. 

Mater. Chem.  2001; 11: 312-320. 

(e) Wilson GS and Anderson HL. Chem. Commun. 1999; 1539-1540. 

10. (a) Hisaki I, Hiroto S, Kim KS, Noh SB, Kim D, Shinokubo H and Osuka A. Angew. Chem. Int. Ed.  2007; 46: 

5125 –5128. 

(b) Dy JT, Ogawa K, Satake A, Ishizumi A and Kobuke Y. Chem. Eur. J. 2007; 13: 3491-3500. 

(c) Arnold DP and Hartnell RD. Tetrahedron. 2001; 57: 1335-1345. 

(d) Ogawa K, Ohashi A, Kobuke Y, Kamada K and Ohta K. J. Am. Chem. Soc. 2003; 125: 13356-13357. 

(e) Kawao M, Ozawa H, Tanaka H and Ogawa T. Thin Solid Films. 2006; 499: 23-28. 

11. Gosper JJ and Ali M. J. Chem. Soc. Chem. Commun. 1994; 1707-1708. 

12. Screen TEO, Blake IM, Rees LH, Clegg W, Borwick SJ and Anderson HL. J. Chem. Soc. Perkin Trans. 1. 2002; 

320-329. 

13. Feng X and Senge MO.  J. Chem. Soc. Perkin Trans. 1. 2001; 1030-1038. 

 14. Rumyantseva VD, Konovalenko LI, Nagaeva EA and Mironov AF. Russ. J. Bioorg. Chem. 2005; 31: 94-98. 

15. Malinen PK, Tauber AY, Hynnmen PH, Montforts F-P. Tetrahedron Lett. 1997; 38: 3381-3382. 

16. Dahms K, Senge MO and Bakar MK. Eur. J. Org. Chem. 2007; 3833-3848. 

17. Arnold DP, Johnson AW and Mahendran M.  J. Chem. Soc. Perkin Trans. 1. 1978; 366-370. 

18. Arnold DP and Nitschinsk LJ. Tetrahedron. 1992; 48: 8781-8792. 

19. Yaseen M, Ali M, Ullah-N M, Munwar AM and Khokhar I. J. Heterocycl. Chem. 2008; 46: 251-255. 

20. Tour JM, Bedworth PV and Wu R. Tetrahedron Lett. 1989; 30: 3927-3930. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10 

 

 

N

N N

N

M

N

N N

N

M

R R

RR

R

RR

R

O

H

Br

+

N

N N

N

M

R

RR

R
Br

Base

Ziconocene or halo-Wittig 
path

Glaser-Hay Coupling

N

N N

N

M

R R

RR

N

N N

N

M

R R

RR

Metalloporphyrin Dimer

Scheme 1

Porphyrin 1; M= Ni+2

 or

 Porphyrin 2; M= Cu+2

Porphyrin 4; M= Ni+2 

or

 Porphyrin 6; M= Cu+2

Porphyrin 3; M= Ni+2 

or

 Porphyrin 5; M= Cu+2

 Porphyrin 7; M= Ni+2 

or

Porphyrin 8 M= Cu+2

Porphyrin 9; M= Ni+2 

or

   Porphyrin 10; M= Cu+2

N

N N

N

M

R

RR

R

 

 

Insert  on page number 4 at the end of first paragraph 

 

 

 

 

 

 

 



11 

 

 

 

                                              Please insert the Fig.# 1 on page 4 after the paragraph number 5. 
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a b s t r a c t

An organic semiconductor Cu(II) 5,10,15,20-tetrakis(4′-isopropylphenyl) porphyrin (CuTIPP) was synthe-
sized and investigated as an active material in resistive–capacitive multifunctional sensor. A thin film of
the CuTIPP was deposited by thermal evaporator on a glass substrate with preliminary deposited silver
electrodes and Ag/CuTIPP/Ag surface-type multifunctional sensor was fabricated. Thickness of the CuTIPP
film was 100 nm. Area of the semiconducting channel between metallic electrodes was 40 �m × 21 mm.
A change in electrical resistance and capacitance was observed with the increase of temperature, rela-
tive humidity and illumination. An equivalent circuit of the Ag/CuTIPP/Ag capacitive–resistive humidity,
eywords:
rganic semiconductor
u(II)
,10,15,20-tetrakis(4′-isopropylphenyl)
orphyrin (CuTIPP)
esistive–capacitive sensor

temperature and illumination sensor was developed. Humidity, temperature and illumination dependent
capacitance–resistance properties of this sensor make it beneficial for use in humidity, temperature and
lux multimeters.

© 2009 Elsevier B.V. All rights reserved.
olarizability
esistivity

. Introduction

Organic semiconducting materials are being extensively stud-
ed for the fabrication of electric, electronic and optoelectronic
evices [1–4]. Most of these devices are usually fabricated in
andwich configuration. They are expensive, complex and short-
ning problems are common with sandwich-type configurations.
urface-type organic thin film structures represent a simple, low
ost and versatile alternative to the devices built in sandwich con-
guration for sensor applications. Due to these advantages, there

s a growing interest in the fabrication and study of surface-type
ptoelectronic devices employing organic semiconductors [5–7].
urface-type structures are being used for investigating the dif-
erent properties of organic materials, such as light sensitivity,
lectroluminescence [6], effect of humidity [7], charge transport [5],

tc. The materials possessing these properties are then employed in
he fabrication of a wide range of electric, electronic and photonic
evices.
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925-4005/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.snb.2009.01.016
In [5], surface-type organic photodetector has been studied.
Organic photocapacitors have been investigated for the direct stor-
age of energy and as a light sensor [8–10]. The fabrication and
study of a polymer light emitting surface cell has been reported
in [6]. In order to investigate solar energy generation and its
direct storage, a photocapacitor has been constructed on a multi-
layered photoelectrode, comprising dye-sensitized semiconductor
nanoparticles/hole-trapping layer/activated carbon particles in
contact with an organic electrolyte solution, in which photogen-
erated charges are stored at the electric double layer [8]. A high
voltage photo-rechargeable photocapacitor of three-electrode con-
figuration, comprising a dye-sensitized mesoporous TiO2 electrode,
two carbon coated electrodes and two liquid electrolytes has been
reported by Murakami et al. [9]. A sandwich-type and a surface-type
photocapacitive detector employing poly-N-epoxypropyl carbazole
complexes and copper phthalocyanine, respectively, have been
investigated by Karimov et al. [7,10]. From the point of technol-
ogy, fabrication of surface-type devices is more simple than that of

sandwich-type ones.

At the moment, there is an increasing interest in organic thin
film based resistive and capacitive sensors [11–18]. Organic thin
films have low dielectric constant and high resistance. Both these
parameters show huge change with environmental conditions.

http://www.sciencedirect.com/science/journal/09254005
http://www.elsevier.com/locate/snb
mailto:msaleem108@hotmail.com
dx.doi.org/10.1016/j.snb.2009.01.016
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Fig. 2. Absorption spectrum of the CuTIPP.
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olydimethylphosphazene film has been used as a resistive and
apacitive humidity sensor, at low or at high humidity levels [13].
esistive type humidity sensors based on polymer thin films have
een reported by Sakai et al. [14].

Porphyrins have gained a great deal of attraction in the fabrica-
ion of electroluminescence and solar cell devices [19–22] because
f its natural role in photosynthesis, solution processability and the
elative ease with which functional groups can be attached to its
asic structure [23]. Thin films of different metalloporphyrins have
een used as sensing materials for the development of optical sen-
ors for the detection of different volatile organic compounds [24].
n this work, we reported the fabrication and study of a surface-type
esistive–capacitive multifunctional sensor employing CuTIPP as a
ight, temperature and humidity sensitive organic semiconductor.

. Experimental

.1. Preparation of the sensor

Organic semiconductor Cu(II) 5,10,15,20-tetrakis(4′-isopropyl-
henyl) porphyrin (CuTIPP) of molecular weight 844 amu was syn-
hesized and used as an active material for sensing. Analytical grade
-isopropyl benzaldehyde, pyrrole and copper acetate were pur-
hased from Sigma–Aldrich and used, without further purification.
ynthesis of CuTIPP has been described elsewhere [25]. Molecular
tructure of CuTIPP is shown in Fig. 1. Purity and molecular structure
f CuTIPP was assessed by mass spectrometry, UV/vis/FTIR spec-
rum and elemental analysis as: (Found: C, 79.51; H, 6.13; N, 6.60%
56H52CuN4, Requires: C, 79.62; H, 6.21; N, 6.63%) �max (KBr) 2922
, 1670 s, 1460 w, 1342 s, 1000 s, 802 w, 722 m, �max 420, 541 nm.
/z 844.6 (M+, 15.85%), 842.6 (72%), 837.6 (100%).

Commercially available glass slides were used as substrates.
he substrates were first cleaned ultrasonically in acetone for
0 min followed by thorough rinsing with distilled water. Thin
lm of CuTIPP, of thickness 100 nm, was thermally sublimed on a
lass substrate (of sizes of 25 mm × 25 mm × 1 mm), using Edwards
UTO 306 vacuum coater having a diffusion pumping system. The
ubstrate had been previously patterned with silver surface-type
lectrodes. The gap between the electrodes was 40 �m and length

f the gap was 21 mm. Surface-type silver electrodes of thickness
00 nm were also deposited by vacuum evaporation technique.
eposition rate and thickness of the silver and CuTIPP films were
easured by crystal-controlled FTM5 Film Thickness Monitor [26].

Fig. 1. Molecular structures of CuTIPP.
Fig. 3. Cross-sectional view of the Ag/CuTIPP/Ag surface-type multifunctional sen-
sor.

The deposition rates were maintained to be 0.2 and 0.1 nm/s for Ag
and CuTIPP, respectively. All depositions were made under vacuum
pressure of 5.5 × 10−3 Pa.

UV–vis absorption spectrum was obtained using Lambda 19
PERKINELMER UV/VIS/NIR Spectrometer. Fig. 2 shows absorption
spectrum of the CuTIPP film deposited by vacuum evaporation on
the glass substrate. This spectrum consists of strong transitions to
the second excited state (S0 → S2) at about 420 nm (the Soret or B
band) and weak transitions to the first excited state (S0 → S1) at
about 541 nm (the Q band). S2 to S1 internal conversation is rapid.
The Soret and Q bands both arise from � → �* transitions [27].
Fig. 3 displays cross-sectional view of the fabricated multifunctional
capacitive–resistive sensor.

2.2. Measurements

Capacitances were measured at 1 kHz with a DVM 890L mul-
timeter and resistances with a Keithley 196 digital multimeter.
Illumination and humidity measurements were made at room
temperature (25 ± 0.5 ◦C). The sensor was illuminated by a 100 W
tungsten filament lamp. Illumination dependent measurements
were obtained by changing distance between lamp and sensor. CEM
DT-1300 light meter was used for illumination measurements. Self-
made humidity chamber, fitted with commercial humidity meter
was used for humidity dependent measurements in which humid-
ity was controlled by a mixture of dry nitrogen and wet air. KARL
SUSS PM5 probe station with a thermo-chuck “Alpha” series system
model TP 0315A-TS-2 of Temprotic Corporation, USA, was used for
temperature measurements.
3. Results and discussion

Fig. 4 shows capacitance/resistance–illumination relationships
for Ag/CuTIPP/Ag surface-type sensor. It can be observed from Fig. 4
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Cu(II) 5,10,15,20-tetrakis(4′-isopropylphenyl) porphyrin, calculated
from this plot is 0.7 eV.

Actually interaction of the effects may take place on the use of
sensors that is well known in the literature as “dual sensitivity”
ig. 4. Capacitance/resistance–illumination relationship for Ag/CuTIPP/Ag surface-
ype multifunctional sensor.

hat capacitance of the sensor increases with increase of illumina-
ion up to 4100 lx by 3.3 times, with respect to dark conditions,
hile resistance decreases by 10.4 times for the same increase of

llumination. Ag/CuTIPP/Ag surface-type sensor as pohotodetector
s sensitive in the range of 0–1600 lx, both for capacitive and resis-
ive measurements. Beyond 1600 lx, the change in capacitance and
he resistance of the sensor is in saturation for illumination.

The charge carrier concentration may increase exponentially,
ith the increase in the intensity of light due to band–band exci-

ation. Therefore the polarizability due to the transfer of charge
arriers as electrons and holes may increase as well. The capacitance
alue depends on polarizability of the material [28,29] and basi-
ally there are several sources of it as dipolar, ionic and electronic
olarizability. Electronic polarizability is most universal and arises
ue to relative displacement of the orbital electrons. As the CuTIPP
ay comprise internal charge-transfer complex we can assume that

onic polarization takes place as well in this organic semiconduc-
or. The ionic and electronic polarizability probably affect to dark
apacitance at low frequency measurements of capacitance. In ear-
ier studies [30–32], it was investigated that polarizability, due to
he transfer of charge carriers, is present both at illuminated and
nder dark conditions.

An increase in relative permittivity of a material causes a rise
n capacitance. While the resistance decreases with an increase in
harge carrier concentration due to illumination.

For humidity measurements, the sensor device was placed
n a dark chamber with the controlled temperature and rela-
ive humidity (RH). The humidity dependence of the resistance
nd capacitance were measured at 25 ◦C and zero illumination.
ariation of resistance and capacitance with relative humidity of
g/CuTIPP/Ag sensor at constant temperature, under dark condi-

ions are shown in Fig. 5. It is observed that for the variation of
elative humidity from 44 to 92%, the change in resistance is about
0 times and change in capacitance is above 137 times. At lower RH
up to 60%), sensor is sensitive for resistance, with least change in
apacitance, but above that RH, capacitance increases sharply while
esistance remains saturated in that region. With combine resistive
nd capacitive measurement arrangements, sensor can be used for
arger range of relative humidity in hygrometers.

The advantage of capacitive and resistive humidity measure-
ents lies in high dielectric constant of water. Relative permittivity

f water at 20 ◦C is 80 [33], which is quite high than small molecule

rganic semiconductors whose relative permittivity lies between 4
nd 8 [28,30]. The capacitance of a low dielectric material such as
orphyrin [34] show a huge increase upon water absorption. The
ame is true for resistance, where the conductance of high resis-
Fig. 5. Capacitance/resistance–humidity relationships for Ag/CuTIPP/Ag surface-
type multifunctional sensor.

tive thin films lead to an immense increase. It may be due to the
interaction of water with porphyrin to delocalize the charge.

Temperature versus resistance–capacitance of Ag/CuTIPP/Ag
surface-type sensor is shown in Fig. 6. The temperature depen-
dence of the resistance and capacitance were measured at 44%
RH and 11 lx illumination in open atmosphere, using probe sta-
tion with thermo-chuck. It has been observed that capacitance
increases by 3 times with increase in temperature from 25 ◦C to
150 ◦C, while resistance decreases by 18.7 times for same rise in
temperature. Ag/CuTIPP/Ag capacitive sensor is sensitive for whole
measured temperature range (25–150 ◦C) but resistive sensor is
effective above 60 ◦C.

Relation between resistivity and temperature is described by
following expression:

�T = �oexp
(

E

kT

)
(1)

where �T is the resistivity at the absolute temperature T, �o is the
pre-exponential factor, E is activation energy for conduction and k
is Boltzmann’s constant. Plot of natural log of conductivity versus
reciprocal of absolute temperature is a straight line, slop of which
gives value of activation energy [28]. Fig. 7 shows plot of ln � (con-
ductivity) versus 1/T. Activation energy for organic semiconductor
Fig. 6. Capacitance/resistance–temperature relationships for Ag/CuTIPP/Ag surface-
type multifunctional sensor.
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ig. 7. Variation of ln � (conductivity) with temperature for Ag/CuTIPP/Ag surface-
ype multifunctional sensor.

35]. In Ag/CuTIPP/Ag sensor, the effect of light, temperature and
umidity was examined and it showed sensitivity towards these
hree parameters. The interaction of different effects takes place
nd may be minimized by fabricating three sensors on a single sub-
trate and casing each. In these casings, windows could be made as
ransparent, opaque and porous opaque for light, temperature and
umidity sensors, respectively. Proper connections of the capacitive
nd resistive bridge circuitry can minimize the effect of tempera-
ure on measurement of light, or humidity. At measurements of
emperature, as the sensor case is sealed, hence no effect of light
nd humidity will take place. The temperature sensor will play the
ole of reference sensor at the measurement of light and humidity
ith respect to light and humidity sensors. Obtained results show

hat humidity effect is the most strong with respect to the light and
emperature effects. As the light and temperature sensors cased
ell, it may be considered that effect of humidity is cancelled on

hese sensors.
A detailed equivalent circuit of the surface-type multifunctional

ensor is given in Fig. 8(a). Ca is capacitance with air dielectric, Cph,
RH and CT are capacitances with CuTIPP dielectric due to illumi-
ation, humidity and temperature, respectively, while Gph, GRH and
T are conductance due to illumination, humidity and tempera-
ure of CuTIPP, respectively. Cg is capacitance and Gg is conductance
ue to glass dielectric (substrate). Assuming that properties of the
urface-type sensor depend on properties of temperature, humid-
ty and light sensitive organic semiconductor CuTIPP, we developed

ig. 8. Detailed (a) and simplified (b) equivalent circuit of the Ag/CuTIPP/Ag surface-
ype multifunctional sensor.

[

[

[

[

[
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a simplified equivalent circuit (b) as well. The equivalent circuit
reflects the point that the phenomena of capacitance and resistance
have a common physical reason and both are due to generation of
charge carriers (electron/holes) under illumination, humidity and
temperature.

4. Conclusions

By investigating the properties of the surface-type Ag/CuTIPP/Ag
multifunctional sensor, it was observed that the resistance and
capacitance of the sensor increases and decreases, respectively,
with rise in illumination, temperature and humidity. Under fil-
ament lamp illumination of up to 4000 lx the capacitance and
resistance of the Ag/CuTIPP/Ag sensor changed by 3.3 and 10.4
times, respectively. Change in capacitance and resistance was 137
and 49.4 times, respectively, for 44% RH to 92% RH humidity change.
Observed changes in capacitance and resistance for a change of
temperature from 25 ◦C to 150 ◦C were 3.1 and 18.7 times, respec-
tively. Calculated value of activation energy of CuTIPP was 0.7 eV. It
is assumed that in general the capacitive response of the sensor is
associated with polarization due to the transfer of generated elec-
trons and holes. Resistance is also supposed to be decreased due
to generation of charge carriers under the effect of illumination,
humidity and temperature.
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Abstract In this study, an organic semiconductor 5,10,

15,20-tetrakis(40-isopropylphenyl) porphyrin (TIPP) was

synthesized and investigated as an active material in sur-

face-type multifunctional sensor. As electrodes, 100 nm

thick Ag films were deposited on 25 mm 9 25 mm glass

substrate with 40 lm gap between them. Thin film of TIPP

of area 15 mm 9 15 mm was thermally sublimed to cover

the gap between the silver electrodes. Thickness of TIPP

film was 100 nm. A change in electrical resistance and

capacitance of the fabricated device was observed with the

increase in relative humidity (RH), temperature, and illu-

mination. Hysteresis, response, and recovery times were

investigated over a wide range of RH (0–94%). Activation

energy of the TIPP was estimated. An equivalent circuit of

the Ag/TIPP/Ag humidity, temperature, and illumination

sensor was developed. Humidity, temperature, illumination

dependent capacitive, and resistive properties of this sensor

make it promising for use in a humidity, temperature, and

lux multi-meters.

Introduction

Organic semiconducting materials are being extensively

studied for the fabrication of light, temperature, and

humidity sensors [1–4]. There is a growing interest in the

fabrication and study of surface-type devices employing

organic semiconductors [1, 5–7]. Surface-type organic thin

film structures represent a simple, low-cost, and versatile

alternative to the devices built-in sandwich configuration

for sensor applications. Surface-type organic photodetector

has been studied by Agostinelli et al. [5]. The electrical

properties and response time of the surface-type Ag/

methyl-red/Ag humidity sensor have been investigated by

Ahmad et al. [7]. This sensor showed short response time

and good humidity sensitive properties. An organic semi-

conductor Cu(II) 5,10,15,20-tetrakis(40-isopropylphenyl)

porphyrin (CuTIPP) was synthesized and investigated as an

active material in photocapacitive detectors by Saleem

et al. [1]. It was observed that under filament lamp illu-

mination of up to 4000 lux the capacitance of the Al/

CuTIPP/Al and Ag/CuTIPP/Ag surface-type photocapaci-

tive detectors increased by 2.6 and 2.2 times, respectively.

A sandwich-type and a surface-type photocapacitive

detector employing poly-N-epoxypropyl carbazole com-

plexes and copper phthalocyanine, respectively, have been

investigated by Karimov et al. [6, 8]. A high-voltage photo-

rechargeable photocapacitor of three-electrode configura-

tion, comprising a dye sensitized mesoporous TiO2

electrode, two carbon-coated electrodes and two liquid

electrolytes, has been reported by Murakami et al. [9].

Sensors based on the change in electrical properties with

sensing parameters are classified into two categories,

namely, the resistive-type and capacitive-type. Organic thin

film-based resistive and capacitive sensors have attracted a

great deal of attention [7, 10–14]. Low-molecular-weight
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organic materials have low dielectric constant and high

resistance. Both these parameters show large change with

variation in environmental conditions. A thin film of poly-

dimethylphosphazene has been used as a resistive and

capacitive humidity sensor, at low or at high humidity levels

[11], and a change in capacitance and resistance of about

three orders of magnitude was reported with increasing rel-

ative humidity (RH) from 0 to 100%. Resistive-type

humidity sensors based on polymer thin films have been

reported by Sakai et al. [12].

Porphyrin-based compounds are of great interest in

molecular electronics and supramolecular building blocks.

Porphyrins have gained a great deal of attraction in the

fabrication of electroluminescent and photovoltaic devices

[15, 16] because of its natural role in photosynthesis,

solution processability, and the relative ease with which

functional groups can be attached to its basic structure [17].

Thin films of different metalloporphyrins have been used

as sensing materials for the development of optical sensors

for the detection of different volatile organic compounds

[18]. In this study, we reported the synthesis of TIPP,

fabrication, and the study of a surface-type multifunctional

sensor employing TIPP as a humidity, temperature, and

light sensitive organic semiconductor.

Experimental

Synthesis of TIPP

TIPP was synthesized by the literature methods [19, 20].

Analytical grade 4-isopropyl benzaldehyde, pyrrole, and

different solvents that were employed for the synthesis of

TIPP were purchased from Sigma Aldrich and used without

further purification. 0.145 mol 4-isopropyl benzaldehyde

(21.43 g) and 0.145 mol pyrrole (9.70 g) were added to the

500 mL refluxing propionic acid. The mixture was refluxed

for 2 h and then allowed to cool at room temperature.

Reaction mixture was filtered and residue was washed

first in water (3 9 250 mL) and then in methanol

(3 9 250 mL) to give glistering purple crystals of the title

porphyrin. Recrystallization from a chloroform/methanol

(2:1) mixture gave pure crystals of TIPP (6 g, 21.22%). It

was characterized by UV–Vis, FTIR, elemental analysis, H

NMR, and mass spectrometry. Melting points were deter-

mined on a Kofler micro-melting point apparatus without

correction. IR spectra were recorded on a Nicolet Impact-

410 FTIR spectrophotometer in KBr. 1H NMR spectra

were measured in CDCl3 using TMS as internal standard

with a Bruker 500 MHz spectrometer. MS spectra were

taken on a KRATOS-AEI-MS50 spectrometer. Elemental

analyses were performed on a PE-2400 CHN elemental

analyzer. The obtained characteristics are m.p. [ 300 �C

(found: C, 85.71; H, 6.80; N, 7.10; C56 H54 N4 requires C,

85.89; H, 6.96; N, 7.16%). mmax. (KBr) 2956s, 1470m,

1348w, 1186m, 1053m, 966s, 802s, 735w, kmax. (CHCl3)

430, 518, 551, 593, 652 nm. H NMR (400 MHz, CH3OD)

d 0.34, bs, 29 NH, 1.56, d, 89 (CH3), 3.31, sep, 49 (CH),

J 6.91 Hz; 8.11, d, 49 (O-Ph2H); 7.58, d, 49 (m-Ph2H), J,

7.86 Hz; 8.84, s, 49 (bCH). M/z 782.3 (M?, 100%), 780.4

(2.14%), 391.3 (7.74%).

Device fabrication and measurements

Organic semiconductor TIPP of molecular weight 783 amu

was used as an active material for sensing. Molecular

structure of TIPP is shown in Fig. l. Commercially avail-

able glass slides were used as substrates. The substrates

were first cleaned ultrasonically in acetone for 30 min

followed by thorough rinsing with distilled water. As

electrodes, 100 nm thick Ag films were deposited on

25 mm 9 25 mm glass substrate with 40 lm gap between

them. Using a mask, thin film of TIPP of area 15 mm

9 15 mm was thermally sublimed to cover the gap

between the silver electrodes. Thickness of TIPP film was

100 nm. Thickness of the TIPP and Ag films were mea-

sured by a crystal-controlled thickness monitor. All

depositions were made under the vacuum pressure of

5.5 9 10-3 Pa.

Measurements of the capacitance and resistance were

done by conventional digital instruments. All capacitive

measurements were made at the frequency of 1 kHz. Illu-

mination and humidity measurements were made at room

temperature. The sensor was illuminated by filament lamp.

Self-made humidity chamber was used for humidity-

dependent measurements in which humidity was controlled
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Fig. 1 Molecular structure of TIPP
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by a mixture of dry nitrogen and wet air. Temperature-

dependent measurements were made using KARL SUSS

PM5 probe station with a thermo-chuck ‘‘Alpha’’ series

system model TP 0315A-TS-2 of Temprotic Corporation,

USA.

Figure 2 shows absorption spectrum of the TIPP film

deposited by vacuum evaporation on the glass substrate.

The spectrum was measured using Lambda 19 PERKIN

ELMER UV/VIS/NIR Spectrometer. The UV–Vis

absorption bands of TIPP are due to electronic transitions

from ground state (S0) to the lowest singlet excited states S1

and S2 [21]. The S0 ? S1 transitions give rise to the weak

Q bands in visible region at wavelengths 518, 551, 593,

652 nm, whereas S0 ? S2 transitions produces strong B

band (Soret Band) in the near UV region at 430 nm. Fig-

ure 3 shows a cross-sectional view of the fabricated

multifunctional capacitive–resistive sensor.

Results and discussion

The dependence of sensor resistance and capacitance at the

temperature of 25 �C and zero illumination were investi-

gated with respect to humidity variations. For humidity

measurements, the sensor device was placed in a dark

chamber with the controlled temperature and RH. Varia-

tions of resistance and capacitance with the RH of Ag/

TIPP/Ag sensor at constant temperature under dark con-

ditions are shown in Fig. 4. It can be seen from the figure

that for the variation of RH from 0 to 94%, the change in

resistance is about 99 times and change in capacitance is

above 773 times. At lower RH (up to 65%), sensor is

sensitive for resistance, with least change in capacitance,

but above that RH, capacitance increases sharply whereas

resistance remains saturated in that region. A combination

of these resistive and capacitive sensors can be used for

larger range of RH in hygrometers. Hysteresis is a common

problem in humidity sensors based on absorption and

desorption. It has been determined that the sensor has an

acceptable hysteresis value; capacitive measurements have

a hysteresis of 7% and resistive values have a hysteresis of

6%.

Humidity sensors based on absorption and desorption

typically show a nonlinear behavior as a function of RH.

This behavior can be described by the following equation

[22]:

Cs

Co

¼ ew

ed

� �n

ð1Þ

where ed and ew are the permittivities of the dielectric

material at dry and wet states, respectively, while the factor

n is related to (the morphology of) the dielectric. The

advantage of capacitive and resistive humidity measure-

ments lies in high dielectric constant of water. Relative

permittivity of water at the temperature of 20 �C is 80 [23],

which is quite higher than small molecular organic semi-

conductors whose relative permittivity lies between 4 and 8

[24, 25]. The capacitance of a low dielectric permittivity

material such as porphyrin [26] shows a huge increase

upon water absorption. The same is true for resistance,

where the conductance of high resistive thin films leads to
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an immense increase. It may be due to the displacement of

currents and dissociation of water molecules into ions

which cause an increase in ionic conductivity.

The response and recovery time t90 is an important

parameter for humidity sensors. According to the literature

[27], response (in case of absorption) and recovery (in case

of desorption) time are defined as the time taken by a

sensor to attain 90% of the total resistance/capacitance

change. The response time of the sensor was measured

from 47 to 94% RH at room temperature. Figure 5 shows

response and recovery properties of the humidity sensor.

The response time was shorter than recovery time. In case

of Ag/methyl-red/Ag humidity sensor, response and

recovery time were observed to be same for the capacitive

measurements [8]. The response and recovery time were

about 12 and 40 s, respectively, for capacitive measure-

ments, whereas 18 and 43 s, respectively, for resistive

measurements. These time durations include the equili-

bration time of the water vapor inside the chamber.
Therefore, the real response times are much shorter.

Repeated cycles between these two RH levels (47–94%

RH) gave almost the same results.

Temperature versus resistance–capacitance of Ag/TIPP/

Ag surface-type sensor is shown in Fig. 6. The temperature

dependence of the resistance and capacitance was mea-

sured under dark conditions at 44% RH, using probe station

with thermo-chuck. It has been observed that capacitance

increases by 2.37 times with increase in temperature from

25 to 150 �C, whereas resistance decreases by 1.33 times

for the same rise in temperature. Ag/TIPP/Ag capacitive/

resistive sensor is sensitive for the whole measured tem-

perature range (25–150 �C). Relation between resistivity

and temperature is described by the following expression:

qT ¼ q0exp E=kTð Þ ð2Þ

where qT is the resistivity at the absolute temperature T, q0

is the pre-exponential factor, E is an activation energy for

conduction, and k is Boltzmann’s constant. Logarithmic

plot of conductivity versus reciprocal of absolute temper-

ature is a straight line, slop of which gives the value of

activation energy. Figure 7 shows a plot of ln r (conduc-

tivity) versus 1000/T. The estimated value of activation

energy from plot is 0.17 eV.

The UV–Vis absorption spectrum of TIPP (Fig. 2)

indicates that absorption bands cover wide range of visible

spectrum; hence, TIPP can be used as light sensor. Results

of the capacitance versus illumination measurements for

Ag/TIPP/Ag surface-type sensor are shown in Fig. 8. It can

be seen from the figure that capacitance of the sensor

increases with the increase in illumination up to 4100 lux

by approximately two times, with respect to dark condi-

tions. Ag/TIPP/Ag surface-type sensor as pohotodetector is

sensitive in the range of 0 to 2500 lux for capacitive

measurements. Beyond 2500 lux the device saturates

and the capacitance becomes almost constant. The charge
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carrier concentration may increase exponentially with the

increase in the intensity of light due to band–band excita-

tion. Therefore, the polarizability due to the transfer of

charge carriers as electrons and holes may increase as well.

The capacitance value depends on polarizability of the

material [24, 28], and basically there are several sources of

it as dipolar, ionic, and electronic polarizability. Electronic

polarizability is the most universal and arises due to the

relative displacement of the orbital electrons. As the TIPP

may comprise internal charge-transfer complex, therefore,

we may assume that ionic polarization takes place as well

in this organic semiconductor. The ionic and electronic

polarizability probably affects the dark capacitance at low-

frequency measurements of capacitance. In earlier studies

[25, 29, 30], it was investigated that polarizability, due to

the transfer of charge carriers, is present both at illuminated

and under dark conditions. An increase in relative per-

mittivity of a material causes a rise in capacitance.

In Ag/TIPP/Ag sensor, the effect of light, temperature,

and humidity was examined and it showed sensitivity

toward these three parameters. The interaction of different

effects takes place and may be minimized by fabricating

the three sensors on a single substrate and casing each. In

these casings, windows could be made as transparent,

opaque, and porous opaque for light, temperature, and

humidity sensors, respectively. Proper connections of the

capacitive and resistive bridge circuitry can minimize the

effect of temperature on measurement of light, or humidity.

At measurements of temperature, as the sensor case is

sealed, there is no effect of light and humidity. The tem-

perature sensor will play the role of reference sensor at the

measurement of light and humidity with respect to light

and humidity sensors. Humidity effect is most strong with

respect to the light and temperature effects. As the light and

temperature sensors cased well, it may be considered that

the effect of humidity is cancelled on these sensors.

A detailed equivalent circuit of the surface-type multi-

functional sensor is given in Fig. 9a. Ca is capacitance with

air as dielectric, and Cph, CRH, and CT are capacitances with

TIPP dielectrics due to illumination, humidity and temper-

ature, respectively, whereas Gph, GRH, and GT are

conductances due to illumination, humidity, and temperature

of TIPP, respectively. Assuming that response of the active

medium of the surface-type sensor depends on humidity,

temperature, and light, we developed a simplified equivalent

circuit as shown in Fig. 9b as well. The equivalent circuit

reflects the point that the phenomena of capacitance and

resistance have a common physical reason and both are due

to the generation of charge carriers (electrons/holes) under

illumination, humidity, and temperature.
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Conclusions

By investigating the properties of the surface-type Ag/

TIPP/Ag multifunctional sensor, it was observed that the

resistance and capacitance of the sensor changes with

humidity, temperature, and illumination. Change in

capacitance and resistance was 773 and 99 times, respec-

tively, for 0 to 94% RH change. It has been determined that

the sensor has an acceptable hysteresis for capacitive and

resistive measurements. Experimental results show that the

Ag/TIPP/Ag capacitive sensor is more sensitive and quick

in response than the resistive sensor. Under filament lamp

illumination of up to 4100 lux the capacitance of the Ag/

TIPP/Ag sensor changed by two times. Observed changes

in capacitance and resistance for a change of temperature

from 25 to 150 �C were 2.37 and 1.33 times, respectively.

The calculated value of activation energy of TIPP was

0.17 eV. It is assumed that in general the capacitive

response of the sensor is associated with polarization due to

the transfer of generated electrons and holes. Resistance is

also supposed to be decreased due to the generation of

charge carriers under the effect of illumination, humidity,

and temperature. On the basis of TIPP, multifunctional

sensors potentially may be developed.
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Finazzi M, Duó L (2007) J Appl Phys 101:114504

6. Karimov KS, Qazi I, Khan TA, Draper PH, Khalid FA, Tahir MM

(2008) Environ Monit Assess 141:323

7. Ahmad Z, Sayyad MH, Saleem M, Karimov KS, Shah M (2008)

Physica E. doi:10.1016/j.physe.2008.05.018

8. Karimov KS, Akhmedov K, Qazi I, Khan TA (2007) JOAM 9:

2867

9. Murakami T, Kawashima N, Miyasaka T (2005) Chem Commun

3346

10. Niranjan RS, Sathaye SD, Mulla IS (2001) Sens Actuators B

81:64

11. Bearzotti A, Fratoddi I, Palummo L, Petrocco S, Furlani A,

Lo-Sterzo C, Russo MV (2001) Sens Actuators B 76:316

12. Sakai Y, Sadaoka Y, Matsuguchi M (1996) Sens Actuators B 35–

36:85

13. Su P-G, Wang C-P (2008) Sens Actuators B 129:538

14. Arshak K, Twomey KT (2002) Sensors 2:205
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Abstract In this paper, we have reported the synthesis
and use of an organic semiconductor Zn(II) 5,10,15,20-
tetrakis(4′-isopropylphenyl) porphyrin (ZnTIPP) as an ac-
tive material in a surface type sensor. Ag/ZnTIPP/Ag sen-
sor was fabricated by thermal sublimation of ZnTIPP on a
glass substrate with preliminary deposited surface type sil-
ver electrodes. Semiconducting channel between silver elec-
trodes was 0.04 mm × 15 mm. Changes in electrical mea-
surements of the device were observed with increase of rela-
tive humidity, illumination, and temperature. A small degree
of hysteresis and acceptable response and recovery times
were observed over a wide range of relative humidity. Acti-
vation energy of the ZnTIPP was estimated.
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1 Introduction

A great deal of current research is being devoted to the use of
organic semiconducting materials for the device fabrication
due to their low cost, ease of synthesis, solution processabil-
ity, and interesting electrical and optical properties. Appli-
cations such as information displays based on organic light
emitting diodes (OLEDs), organic solar cells, and sensors
have been implemented [1–4]. Some organic materials show
high sensitivity to ambient conditions and investigation of
such materials is very promising for the development of var-
ious types of sensors. There is a growing demand for tem-
perature, light, and humidity sensors for medical and envi-
ronmental applications. A surface-type, copper phthalocya-
nine (CuPc) thin film capacitive humidity and illumination
sensor have been studied by Karimov et al. [3]. Flexible sen-
sors based on an organic semiconductor capable of measur-
ing physiological parameters such as strain and temperature,
adopting pentacene thin film transistors (TFTs) and Wheat-
stone bridge structures were reported by Soyoun et al. [5].

Porphyrin and metallo-porphyrin based compounds rep-
resent a large family of functional molecular materials with
high chemical and thermal stability. These compounds have
recently gained increasing interest in the fabrication of sen-
sors, electroluminescent, and photovoltaic devices [6–10].
Rimeika et al. [10] have investigated the impact of ambi-
ent humidity on the surface acoustic wave (SAW) propaga-
tion characteristics in hematoporphyrin layer–LiNbO3 sub-
strate structure in the range of 13 to 33% RH at frequency
86 MHz, and observed an increase in SAW attenuation and
decrease in SAW velocity with increase in RH. A number

mailto:sayyad@giki.edu.pk
mailto:hsayyad62@hotmail.com
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of features make porphyrins eligible as good sensing mate-
rials. Porphyrins are stable compounds and their properties
can be tuned by simple modifications of their basic molec-
ular structures. Almost all metals have been coordinated to
the porphyrins [11]; furthermore, the organic chemistry of
these compounds is well developed, and a wide range of dif-
ferent substituents can be introduced at their peripheral po-
sitions [12]. The coordinated metal, peripheral substituents,
and macrocyclic skeleton influence the related sensing prop-
erties of these compounds [13]. All these characteristics in-
crease the versatility of these molecules for porphyrin based
sensors [9, 14, 15], showing excellent properties in terms of
stability, sensitivity, and reproducibility. Some new kinds of
metal porphyrin derivatives were synthesized and their mul-
tilayer films were used for gas sensing [14]. The interaction
between the device and ambient gases such as NO2, NH3,
CO, and H2S was studied at appropriate heating powers. The
results showed that only cobalt porphyrin was sensitive to
NO2, and the length of aliphatic chain affects the sensitivity,
responsivity and stability. Akrajas et al. [15] reported the use
of the optical technique to enhance the selectivity of the LB
films of four metalloporphyrins derivatives; n-octaethyl por-
phine manganese(III) chloride (MnOEPCl), n-octaethyl por-
phine iron(III) chloride (FeOEPCl), n-octaethyl porphine
cobalt(II) (CoOEP) and n-octaethyl porphine ruthenium(II)
carbonyl (RuOEPCO), toward the detection of four volatile
samples; 2-propanol, ethanol, acetone and cyclohexane.

In this work, we report the synthesis of ZnTIPP, fabrica-
tion, and study of a surface-type sensor employing ZnTIPP
for humidity, light, and temperature sensing applications.

2 Experimental

2.1 Synthesis of ZnTIPP

All reagents and solvents were purchased from Sigma
Aldrich and used as received unless otherwise noted. Zn(II)
5,10,15,20-tetrakis(4′-isopropylphenyl) porphyrin (ZnTIPP)
was synthesized by refluxing 5,10,15,20-tetrakis(4′-isopro-
pylphenyl) porphyrin using the literature methods [16, 17].
Synthesis of 5,10,15,20-tetrakis(4′-isopropylphenyl) por-
phyrin has been described elsewhere [18].

1 mmol (782 mg) of 5,10,15,20-tetrakis(4′-isopropyl-
phenyl) porphyrin was dissolved in 250 ml of refluxing
chloroform and 5 ml saturated solution of zinc acetate
monohydrate in methanol was added. The mixture was
refluxed for 4 hours, allowed to cool at room temper-
ature and left overnight. The solvent was evaporated in
vacuum to give crude solid (851 mg). The crude solid
was dissolved in carbon tetrachloride and the solution was
passed through a column of silica (mesh size 60–100, 1 cm
dia × 10 cm) eluting with carbon tetrachloride. The ma-
jor red color band was collected. The solvent was removed

Fig. 1 Molecular structure of ZnTIPP

and a red color solid was obtained. The product was re-
crystallized from a dichloromethane/methanol (2:1) mixture
to obtain pure crystals of 5,10,15,20-tetrakis(4′-isopropyl-
phenyl) porphyrinatozinc (II). The product was character-
ized by UV–visible, FTIR, elemental analysis, and mass
spectrometry techniques. FTIR spectra were recorded on a
Nicolet Impact-410 spectrophotometer using KBr pellets.
UV–visible absorption spectroscopic study was performed
with a Lambda 19 PERKIN ELMER UV/VIS/NIR spec-
trophotometer. Element analysis was carried out on a PE-
2400 CHN microelemental analyzer. Mass spectrum was
measured with KRATOS-AEI-MS50 mass spectrophotome-
ter by electron ionization (EI). Melting points were deter-
mined on a Kofler micro melting point apparatus without
correction. The obtained characteristics are: m.p. > 300°C,
(Found: C, 79.40; H, 6.08; N, 6.68% C56H52N4Zn, requires
C, 79.46; H, 6.19; N, 6.63%). νmax. (KBr) 2956, 1523,
1491, 1337, 1260, 1205, 999, 799 cm−1. λmax.: 431, 551 nm.
M/z 844.6 (M+, 100%) 220.9 (66.73%), 54.9 (37.02%).

Molecular structure of Zn(II) 5,10,15,20-tetrakis(4′-iso-
propylphenyl) porphyrin is shown in Fig. 1. Absorption
spectrum of the ZnTIPP film deposited by vacuum evapora-
tion on the glass substrate is given in Fig. 2. The UV–VIS ab-
sorption spectra show a strong B band at 431 nm and a much
weaker Q band at 551 nm. The region from 400 to 500 nm
(Soret or B band) is widely used for spectrophotometric de-
termination of metalloporphyrins due to the most intense ab-
sorption (molar absorptivities of the order of 105) [19].

2.2 Device fabrication and measurements

Thin film of the organic semiconductor 5,10,15,20-tetra-
kis(4′-isopropylphenyl) porphyrin (ZnTIPP) of molecular
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weight 844 a.m.u. was used as a sensing element in the Ag/
ZnTIPP/Ag surface type sensor. The glass substrates were
first cleaned ultrasonically in acetone for 30 minutes fol-
lowed by thorough rinsing with distilled water and dried.
Surface-type silver electrodes were thermally evaporated
side by side on a glass substrate (25 mm × 25 mm), using a

Fig. 2 Absorption spectrum of the ZnTIPP

Fig. 3 Cross-sectional view of the Ag/ZnTIPP/Ag sensor

mask. The gap between the electrodes was 40 µm. Thin film
of ZnTIPP, of thickness 100 nm and area 15 mm ×15 mm,
was thermally sublimed on the top of the preliminary de-
posited silver electrodes. All depositions were made under
vacuum pressure of 5.5×10−5 mbar, using AUTO 306 Vac-
uum Coater with Diffusion Pumping System (EDWARDS).
Deposition rate and thickness of the films were monitored
by FTM5 crystal-controlled thickness monitor. Figure 3 dis-
plays cross-sectional view of the fabricated Ag/ZnTIPP/Ag
surface-type sensor.

The capacitance and resistance were measured by DVM
890L and Keithley 196 digital multimeters, respectively. All
capacitive measurements were made at frequency of 1 kHz.
Self-made humidity chamber, fitted with a commercial hu-
midity meter was used for humidity dependent measure-
ments in which humidity was controlled by a mixture of
dry nitrogen and wet air. The sensor was lightened by a
tungsten filament lamp and illumination dependent mea-
surements were obtained by varying distance between lamp
and sensor. Illumination and humidity dependent measure-
ments were made at room temperature. Temperature depen-
dent capacitive and resistive measurements were made by
using KARL SUSS PM5 probe station with a thermo-chuck
“Alpha” series system model TP 0315A-TS-2 of Temprotic
Corporation, USA.

3 Results and discussion

Three types of humidity (relative, absolute and specific) are
the different ways of measuring the water vapor component
of air. Absolute humidity measures the water vapor content
in absolute terms, i.e., how much there is, without any con-
cern about the maximum amount the air could carry. Rela-
tive humidity (RH) is the most well known as it is the type

Fig. 4 Capacitance/resistance–
humidity relationships for
Ag/ZnTIPP/Ag sensor
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Fig. 5 Capacitance (a),
resistance (b) response and
recovery time to RH variations
for Ag/ZnTIPP/Ag sensor

used in weather forecasting, and conventional humidity me-
ters measure relative humidity. The RH is defined as the ra-
tio of the partial pressure of water vapor (p) in the air to
the saturated vapor pressure of water (ps) at a prescribed
temperature [20]. For an ideal gas:

RH = 100 × p

ps

(1)

The variation in resistance and capacitance of Ag/
ZnTIPP/Ag sensor with relative humidity are shown in
Fig. 4. A decrease in resistance and increase in capacitance
with the increase of humidity was observed. This is due to
the adsorption and capillary condensation of water, which
leads to an increase in the dielectric constant and charge car-
riers in the sensor system [21]. The small changes in capac-
itance at low RH are due to the weak polarization because
only few water molecules are adsorbed. At higher RH, the

number of adsorbed molecules increased a lot, resulting in
a strong polarization [22]. This consequently increased the
dielectric constant that also represents an increase in capac-
itance value. For the variation of relative humidity from 0 to
93%, the change in resistance is about 93 times and a change
in capacitance is above 325 times. Significant changes in re-
sistance and capacitance are in the range of 0–80% RH and
50–100% RH, respectively. A combination of these resistive
and capacitive measurements can be used for larger range of
RH in hygrometers.

Hysteresis is the tendency of measuring devices to not
return completely to their original state after a change has
been measured. When measuring relative humidity, it can
be a major source of error and is a common problem in hu-
midity sensors based on absorption and desorption due to
their characteristically slow diffusion time during dehumid-
ification. From Fig. 4, it has been determined that the sensor
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Fig. 6 Capacitance–
illumination relationship for
Ag/ZnTIPP/Ag sensor

has an acceptable hysteresis value; capacitive measurements
have a hysteresis of 9% and resistive values have a hysteresis
of 10%. Ideally, the sensor should follow the same capaci-
tance and resistance paths when it is cycled back from high
to low RH.

The response time t90 (in case of absorption) and recov-
ery time t10 (in case of desorption) are defined as the time
taken by a sensor to attain 90% and 10%, respectively, of the
final value of resistance or capacitance. Figure 5 shows the
humidity response curves corresponding to water adsorption
and desorption. The response time of the sensor was mea-
sured from 47% to 93% RH at room temperature. The sensor
was moved very quickly from a humidity level of 93% (sen-
sor being kept in a closed bottle saturated with water vapors)
to open atmosphere at humidity level of 47%, and vice versa.
The response times were shorter than recovery times. Ad-
sorption and desorption of the water molecules take place at
different energy levels. Adsorption is an exothermic process,
whereas desorption needs external energy for water mole-
cules to depart from the thin film surface [23, 24]. So, a
relatively long time seems to be required to desorb the wa-
ter vapor. The response and recovery times were about 11
and 33 s, respectively, for capacitive measurements, while
13 and 35 s for resistive measurements. These times include
the equilibration time of the water vapor inside the cham-
ber. Therefore, the real response times are much shorter.
Repeated cycles between these two relative humidity levels
gave almost the same results.

Relative capacitance–illumination relationship for the
Ag/ZnTIPP/Ag surface-type sensor at 47% RH is shown
in Fig. 6. The capacitance of the sensor increases about 3
times with an increase of illumination up to 1500 lx, with
respect to dark conditions. Sensor is sensitive in the range
of 0–1000 lx for capacitive measurements. The capacitance

value depends on polarizability of the material [25, 26]. Il-
lumination effects the concentration of charge carriers and
dipoles [27], which increase the polarizability in thin films.
There are different types of polarization processes, such as
dipolar, ionic and electronic, depending on the structure of
the molecules which constitute the solid. The electronic con-
tribution is present in any type of substance, but the presence
of the other two terms depends on the material under consid-
eration. Electronic polarizability arises due to relative dis-
placement of the orbital electrons. The ionic and electronic
polarizability affects the dark capacitance at low frequency
measurements [28].

Figure 7 shows resistance and capacitance characteristics
versus temperature of the Ag/ZnTIPP/Ag surface-type sen-
sor, measured under dark conditions at 44% RH. An increase
in capacitance by 3.2 times and decrease in resistance by 3.3
times has been observed with a rise in temperature from 25
to 150°C. Ag/ZnTIPP/Ag capacitive/resistive sensor is sen-
sitive for whole measured temperature range (25–150°C).
The resistance of the sample decreases with increasing tem-
perature, in accordance with the relationship:

ρT = ρ0 exp(E/kT ) (2)

where ρT is the resistivity at the absolute temperature T ,
ρ0 is the pre-exponential factor, E is activation energy for
conduction and k is Boltzmann’s constant. Figure 8 shows
plot of lnσ (conductivity) versus 1000/T . Least squares fit
of logarithmic plot of conductivity versus reciprocal of ab-
solute temperature is a straight line. From the slope of the
plot, the activation energy is determined to be 0.11 eV. This
value is in agreement with the activation energies reported
for various porphyrin species [29], for the π–π -interaction
of porphyrin molecules.
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Fig. 7 Capaci-
tance/resistance–temperature
relationships for Ag/ZnTIPP/Ag
sensor

Fig. 8 Variation of lnσ

(conductivity) with temperature
for Ag/ZnTIPP/Ag sensor

4 Conclusions

ZnTIPP was synthesized by acetate method and used as a
sensing element in the surface-type Ag/ZnTIPP/Ag sensor.
It was observed that the resistance and capacitance of the
sensor changes with humidity, illumination, and tempera-
ture. Change in capacitance and resistance was 325 and 93
times, respectively, with an acceptable hysteresis for 0 to
93% RH change. Response time and sensitivity of capacitive
sensor was better than resistive one. Capacitance of the sen-
sor was increased three times with illumination of 1500 lx.
Observed changes in capacitance and resistance for a tem-
perature variation of 25 to 150°C were 3.2 and 3.3 times, re-
spectively. Calculated value of activation energy of ZnTIPP
was 0.11 eV.
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An organic semiconductor Cu(II) 5,10,15,20-tetrakis(4′-isopropylphenyl) porphyrin (CuTIPP) was synthesized and 
investigated as an active material in photocapacitive detectors. Thin films of the CuTIPP were deposited by thermal 
evaporator on a glass substrate with preliminary deposited metal electrodes and Al/CuTIPP/Al and Ag/CuTIPP/Ag surface 
type photocapacitive detectors were fabricated. Thickness of the CuTIPP films was equal to 100 nm in both detectors. Area 
of the semiconducting channel between metallic electrodes was equal to 40 μm × 15 mm. It was observed that under 
filament lamp illumination of up to 4000 lx the capacitance of the Al/CuTIPP/Al and Ag/CuTIPP/Ag photocapacitive 
detectors increased by 2.6 and 2.2 times, respectively, with respect to the dark conditions. The photoconductivity of the 
detectors increased with illumination as well. It is assumed that the photocapacitive response of the detectors is associated 
with polarization occurring due to the transfer of photo-generated electrons and holes. The equivalent circuit of the 
photocapacitive detectors is presented. Data obtained by simulation showed reasonable matching with experimental 
results. 
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1. Introduction 
 
 Organic semiconducting materials are being 

extensively studied for the fabrication of electric, 
electronic and optoelectronic devices [1-4]. Most of these 
devices are usually fabricated in sandwich configuration 
and this structure requires the deposition of organic thin 
films on transparent conductive electrodes using vacuum 
evaporator or spin coater. On top of these films, metallic 
electrodes are deposited, which often damage the active 
material.   

Surface type organic thin film structures represent a 
simple, low cost and versatile alternative to the devices 
built in sandwich configuration. Because of these 
advantages, there is a growing interest in the fabrication 
and study of surface type optoelectronic devices 
employing organic semiconductors [5-7]. Also the surface 
type devices are very suitable for exploring the low cost 
and simple device fabrication techniques, such as spin or 
drop-coating, screen printing, inkjet printing, etc. 

 Surface type structures offer simple and low cost 
technology for investigating the different properties of 
organic materials, such as light sensitivity, 
electroluminescence [6], effect of humidity [7], charge 
transport [5] etc. The materials possessing these properties 
are then employed in the fabrication of a wide range of 
electric, electronic and photonic devices. 

 In [5], surface-type organic photodetector has been 
studied. Organic photocapacitors have been investigated 

for the direct storage of energy and as a light sensor [8-
10]. The fabrication and study of a polymer light emitting 
surface cell has been reported in [6].  

 In order to investigate solar energy generation and its 
direct storage, a photocapacitor has been constructed on a 
multilayered photoelectrode, comprising dye-sensitized 
semiconductor nanoparticles/hole-trapping layer/activated 
carbon particles in contact with an organic electrolyte 
solution, in which photogenerated charges are stored at the 
electric double layer [8]. 

 A high voltage photo-rechargeable photocapacitor of 
three-electrode configuration, comprising a dye sensitized 
mesoporous TiO2 electrode, two carbon coated electrodes 
and two liquid electrolytes has been reported by Murakami 
et al. [9]. A sandwich type and a surface type 
photocapacitive detector employing poly-N-epoxyprophyl 
carbazole complexes and copper phthalocyanine 
respectively has been investigated by Karimov et al. 
[7,10]. 

 Porphyrins have attracted a great deal of attraction in 
the fabrication of electroluminescence and solar cell 
devices [11-14] because of its natural role in 
photosynthesis, solution processability and the relative 
ease with which functional groups can be attached to its 
basic structure [15]. Thin films of different 
metalloporphyrins have been used as sensing materials for 
the development of optical sensors for the detection of 
different volatile organic compounds [16]. In this work, 
we reported the synthesis of CuTIPP and fabrication and 
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study of a surface-type photocapacitor employing CuTIPP 
as a light sensitive organic semiconductor. 

 
 
2. Experimental 
 
2.1 Active material 
 
Cu(II) 5,10,15,20-tetrakis(4′-isopropylphenyl) porphyrin 

was synthesized from 5,10,15,20-tetrakis(4′-
isopropylphenyl) porphyrin [17] by acetate method [18]. 
5,10,15,20-tetrakis(4′-isopropylphenyl) porphyrin (1 
mmole, 782 mg) was dissolved in refluxing chloroform 
(250 ml) and a saturated solution of copper acetate in 
methanol (5 ml) was added. The mixture was refluxed for 
4 hours and allowed to cool at room temperature and left 
overnight. The solvent was evaporated in vacuole to give 
crude solid (815 mg). The crude solid was dissolved in 
carbon tetrachloride and solution was passed through a 
column of flash silica (1 cm dia x 10 cm) eluting with 
carbon tetrachloride. The major red colour band was 
collected. The solvent was removed and a red colour solid 
was obtained. The product was recrystallized from a 
dichloromethane/methanol (2:1) mixture to afford pure 
crystals of 5,10,15,20-tetrakis (4′-isopropylphenyl) 
porphyrinatocopper (II).  

 
 
2.2 Device fabrication 
 
Molecular structure of the CuTIPP is presented in Fig. 

1. Thin film of CuTIPP, of thickness 100 nm, were 
thermally sublimed on glass substrate (of sizes of 25x25x1 
mm3) with silver or aluminum surface-type electrodes. 
Gap between electrodes was 40 μm and length of the gap 
was 15 mm. Aluminum or silver electrodes of thickness of 
200 nm, were also deposited by vacuum evaporation 
technique. Thickness of the CuTIPP films was measured 
by crystal-controlled thickness monitor [19]. All 
depositions were made under vacuum pressure of 10-4 Pa.  
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Fig. 1. Molecular structures of  CuTIPP. 

   
 UV-VIS absorption spectrum was obtained using 

Lambda 19 PERKIN ELMER UV/VIS/NIR Spectrometer.    
 

3. Results and discussion  
 
Fig. 2 shows absorption spectrum of the CuTIPP film 

deposited by vacuum evaporation on the glass substrate. 
Spectrum consists of strong transitions to the second 
excited state (S0 → S2) at about 423.93 nm (the Soret or B 
band) and weak transitions to the first excited state (S0 → 
S1) at about 542.69 nm (the Q band). S2 to S1 internal 
conversation is rapid. The Soret and Q bands both arise 
from π → π* transitions [20].   
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Fig. 2. Absorption spectrum of the CuTIPP. 
  

Fig. 3 displays cross-sectional view of the fabricated 
photocapacitive detectors. Measurement of the capacitance 
was done by conventional instruments at the frequency of 
1 kHz, at room temperature (25 ± 0.5 °C). The capacitive 
detectors were illuminated by filament lamp.  
 

 
 

Fig. 3. Cross-sectional view of the Al/CuTIPP/Al and 
Ag/CuTIPP/Ag surface-type photocapacitive detectors. 

 
 

Fig. 4 shows relative capacitance–illumination 
relationships for the Al/CuTIPP/Al and Ag/CuTIPP/Ag 
surface-type photocapacitive detectors. Here Cph is 
photocapacitance (capacitance under illumination), Cd is 
capacitance at dark condition. Cd was equal to 11 pF and 
12 pF for the Al/CuTIPP/Al and Ag/CuTIPP/Ag detectors, 
respectively. It is seen from Fig. 4 that photocapacitances 
of the Al/CuTIPP/Al and Ag/CuTIPP/Ag detectors 
increase with increase of  illumination up to 4000 lx by 2.6 
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and 2.2 times, respectively, with respect to dark 
conditions. The response of the detectors at illumination 
from the face and back sides approximately was the same. 

 The charge carriers may increase exponentially, with 
increase in the intensity of light. Therefore the 
polarizability due to the transfer of charge carriers as 
electrons and holes may increase as well.  
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Fig. 4. Relative capacitance–illumination relationships 
for the Al/CuTIPP/Al (1) and Ag/CuTIPP/Ag (2) surface-
type photocapacitive detectors, (3)  is  calculated  result. 

 
 

Fig. 4 indicates that the response of Al/CuTIPP/Al 
detector is higher than that of Ag/CuTIPP/Ag one. It is 
well-known that Al forms usually Schottky-type rectifying 
junction and Ag forms ohmic contact with organic 
semiconductors [21]. It means that in the case of Al 
electrode, depletion region is formed at the junction 
interface. Therefore, the ratio of concentration of photo-
induced charges to concentration of charges at dark 
condition is higher for depletion region with respect to 
other sides of semiconductor under illumination. Probably 

it is the main reason for better performance of the 
Al/CuTIPP/Al detector with respect to Ag/CuTIPP/Ag 
one. 

The capacitance value depends on polarizability of the 
material [21,22] and basically there are several sources of 
it as dipolar dipP , ionic iP  and electronic eP  

polarizability. In this case we may neglect dipolar ( )dipP  
polarizability due to absence of visible dipoles in the 
molecular structures of the CuTIPP (Fig. 1). Electronic 
polarizability is most universal and arises due to relative 
displacement of the orbital electrons. As the CuTIPP may 
comprise internal charge-transfer complex we can assume 
that ionic polarization takes place as well in this organic 
semiconductor. The ionic and electronic polarizability 
probably affect to dark capacitance at low frequency (1 
kHz) measurements of capacitance. In earlier studies [23-
25], it was investigated that polarizability ( )tdP , due to 
the transfer of charge carriers, is present both at 
illuminated and under dark conditions. Therefore we may 
write for the total polarizability at dark conditions ( )dP  
as: 

d i e tdP P P P= + +     (1) 
 
 Charge carriers increase due to illumination. Thus the 
polarizability due to transfer of charge carriers also 
increase. For the samples under illuminated conditions, the 
total polarizability ( )P  may be as following: 
 

i e tP P P P= + +      (2) 
 
 

 

 
 

Fig. 5. Detailed (a) and simple (b) equivalent circuits of the Al/CuTIPP/Al and Ag/CuTIPP/Ag surface-type 
photocapacitive detectors: Ca is capacitance with air dielectric, Cd is capacitance with CuTIPP dielectric at dark 
condition, Cph is capacitance with CuTIPP dielectric due to illumination, Gd is dark conductance of CuTIPP, Cg and  
                                    Gg are capacitance and conductance due to glass dielectric (substrate). 
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where tP  is polarizability under illumination due to the 
transfer of electron/holes charge carriers. Here we take 
into consideration that concentration of charge carriers and 
total polarizability ( )P  are illumination dependent. 
In general, the relationship between relative dielectric 
constant, molecular concentration ( )N , (or dN  as 
concentration of the electron/holes at dark conditions) and 
polarizability ( )P  of the molecules is determined by 
Clausius-Mossotti Equation [22]: 
 

1
2 3

rd d d

rd

N Pε
ε ε

−
=

+ o

     (3) 

 
where rdε  is relative permittivity or dielectric constant at 

dark condition and εo  is permittivity of free space. 
 From Eq. (3), relative dielectric constant at dark 
conditions may be written as: 
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 Similarly, relative dielectric constant ( )rε  under 
illumination conditions can be obtained as: 
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     (5) 

 
 Hence, relative capacitance relationship can be 
written as:  
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   (6) 

 
where C  is photocapacitance (capacitance under 
illumination), dC  is capacitance at dark condition.  The 
concentration of charge carriers i.e. electrons and holes 
( )N , is sensitive to illumination. Thus the factor NP  in 
Eq. 6 depends on intensity of light J . Here we assume 
their relationship as: 
 

439(1.5 0.5 )
J

d dNP N P e
−

= −        (7) 
    

By substitution of this assumption into Eq. 6, 
following empirical expression can be obtained: 
 

439

439

3 2 (1.5 0.5 )

[3 (1.5 0.5 )]

J

d d
J

d
d d rd

N P eC
C

N P e

ε

ε ε

−

−

+ −
=

− −

o

o

 (8) 

 This expression can be used for simulation of the 

relative capacitance ( )
d

C
C

-illumination intensity ( )J  

relationship for photocapacitive detector.  
 From Eq. 8, the product 41.33 10d dN P −= ×  F/m 

may be calculated in the case of dark conditions 
( 0, )dJ C C= = . Here we assumed that 2.75rdε = , it 
is average value for low molecular weight organic 
semiconductors [21,23]. 

 Comparison of experimental and simulated results 
(by Eq. 8) of relative capacitance-illumination relationship 
is presented in Fig. 5. It is seen that both results show 
reasonable agreement.  

 A detailed equivalent circuit of the surface-type 
photocapacitive detectors is given in Fig.  5(a). Assuming 
that properties of the surface-type capacitive detector 
depend on properties of photosensitive organic 
semiconductor CuTIPP, we developed simplified 
equivalent circuit (b) as well. The equivalent circuit 
reflects the point that the phenomena of photocapacitance 
and photoconductivity have a common physical reason 
and both are due to photogeneration of charge carriers 
(electron/holes) under illumination. From the point of 
technology, fabrication of surface-type photocapacitive 
detectors is more simple than that of sandwich-type ones.  

 
 
4. Conclusions 
 
The properties of the surface-type Al/CuTIPP/Al and 

Ag/CuTIPP/Ag photocapacitive detector were 
investigated. It was observed that under filament lamp 
illumination of up to 4000 lx the capacitance of the 
Al/CuTIPP/Al and Ag/CuTIPP/Ag photocapacitive 
detectors increased by 2.6 and 2.2 times, respectively. It is 
assumed that in general the photocapacitive response of 
the detector is associated with polarization due to the 
transfer of photo-generated electrons and holes. Calculated 
results reasonably matched with experimental. Equivalent 
circuit of the detector was developed.   
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