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SYNOPSIS

1. Introduction

In nature, porphyrins are widely abundant, and it plays a pivotal role in various biological
systems. Porphyrins are often referred to as the “Pigments of Life” due to its intense
colour which arises from a highly conjugated 7 system.! Porphyrins? and metallated
porphyrins are present in various aromatic heterocyclic and different macrocyclic
derivatives such as heme, (iron porphyrin), (found in hemoglobins, myoglobins,

catalases, cytochromes, and peroxidases etc), chlorophylls, bacteriochlorophylls etc.

Porphyrins® have huge biological applications such as transportation of Oz in
hemoglobin and storage of O: in myoglobins, transportation and collection of light
energy in antennae species, dioxygen reduction in oxidases, electron transfer in
cytochromes, conversion of solar energy to chemical energy in photosynthetic reaction
centers, and a large number of other enzymatic reactions (peroxidases, catalases,

methylreductases, cytochrome P450, etc.)(Figure 1).
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Figure 1 An overview of heme activity.
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Synthetic porphyrinoid derivatives and their metallated derivatives shows unique
chemical, physical and biological properties due to which it has attracted lots of interest
in different interdisciplinary research fields such as supramolecular building blocks,

molecular electronics, photodynamic therapy.

Vitamin Bi2,> commonly known as cobalamin, plays a vital role in metabolism
process. The molecular structure of vitamin Bi2 resembles with the heterocyclic
compound, corrin.*¢ This corrin moiety has an amazing resemblance with the porphyrin
ring. But unlike porphyrin rings, corrin lacks one of the carbon atoms which is involved
in the linkage of two subsequent pyrrole moieties. On the other hand, the fully aromatic
derivative of this corrin ring is known as corroles. Corrole is a tetrapyrrolic macrocyclic
system which resembles with the central corrin moiety of vitamin Bi2. This term ‘corrole’
was suggested by Johnson and Price because of its resemblance with the central corrin
moiety of vitamin B12.” Corrole has an aromatic 18n—electron system which resembles
with porphyrin.®!'° Therefore, the corrole macrocycle is considered as the intermediate
between corrin and porphyrin macrocycle. Corroles behave as trianionic ligand whereas
porphyrins are dianionic and corrin rings are monoanionic in nature. The inner-core of
corrole macrocycle is comprised of three amino nitrogen and one imino nitrogen. Various
types of metallocorroles have also been explored throughout the years due to their

different kinds of applications in several fields.

This thesis contains some new methodologies for the synthesis of porphyrins.
This thesis also contains some of the underexplored areas of metallocorrole chemistry.
Synthesis of meso-substituted trans-A2B2 porphyrins and As-porphyrins via two-step
methodology is discussed here which is different from previously reported other
methodologies in many aspects and most importantly, it can be easily performed in the

gram scale synthesis of porphyrins. Aditionally, synthesis of various antimony-corrole
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complexes, including corrolato-antimony(II) complexes, (corrolato)(oxo)antimony(V)
complexes and [trans-difluoro(3,17-dinitro—corrolato)antimony (V)] complexes have
also been explored. The luminescent properties of all these complexes are reported and
its application in photocatalytic oxygenation reactions have also been discussed here.

This thesis contains five chapters and the summary of all the chapters are as follows:

2. Chapters

Chapter 1:  Introduction: Evolution of Porphyrins and Corroles

In this chapter, the importance of porphyrinoids, mainly, porphyrins and corroles
are discussed which have various applications in biological science as well as materials
science. The main focus of this chapter was regarding the origin, properties, various
synthetic methodologies and the significant importance and applications of porphyrins
as well as corrole macrocycles. The fascinating coordination chemistry of porphyrinoids,
mainly, corrole including the metallocorrole complexes, properties, spectral
characterization and their applications in different fields such as sensing, mainly CO
sensing, dye sensitised solar cells (DSSCs), medicinal chemistry, catalysis are also
thoroughly discussed. Also, the fascinating coordination chemistry of porphyrin
complexes, properties, and their applications in different fields such as in organic solar
cells, functional devices, also in porphyrin based polymers, porphyrin-based
nanoparticles (NPs), dye sensitised solar cells (DSSCs), and medicinal chemistry are

discussed extensively.

Chapter 2: A new synthesis of porphyrin via a putative trans-manganese(IV)-

dihydroxide intermediate

In this chapter, a new method for the synthesis of meso-substituted porphyrins

was developed. In two-step methodology, the first step involves the condensation of
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pyrrole/ dipyrromethane with aldehyde in water-methanol mixture in acidic conditions.
The second step employs a manganese induced cyclization followed by oxidation via
PhIO/Oz. This methodology has been useful for the synthesis of wide range of trans-A2B2
porphyrin and also symmetric porphyrins in moderate to good yields. A detailed
investigation of the manganese induced cyclization reaction has allowed us to
characterize a Mn- porphyrinogen complex. A series of analytical, spectroscopic
techniques and DFT calculations has led us to the conclusion that these putative
intermediate species are trans-manganese(IV)-dihydroxide complexes. EPR and
magnetic susceptibility measurements helped us to assign the oxidation state of the
manganese complexes in the native state. The question of frans-manganese(IV)-
dihydroxide as the true intermediates for these porphyrin synthesis has been
authenticated via in-situ UV-Vis experiments. This new methodology is certainly
different from previously reported other methodologies in many aspects and most

importantly, these reactions can be easily performed in the gram scale synthesis of

porphyrins.

(i) ,0,CH;0H, HCI
—_—
(ii) DMF, Mn(OAc),
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Chapter 3:  Synthesis and characterization of Antimony(V)—oxo corrole

complexes

In this chapter, we have presented the synthesis of four new antimony-corrole
complexes, including two  corrolato-antimony(Ill) complexes and two
(corrolato)(oxo)antimony(V) complexes and characterized them by a series of
spectroscopic techniques. All the four antimony complexes, including two corrolato-
antimony(III) complexes and two (corrolato)(oxo)antimony(V) complexes were
diamagnetic in nature as was evident from their “normal” chemical shifts. For one of the
structurally characterized corrolato-antimony(IIl) complexes, we have obtained two
different conformers in two different solvents with slightly different bond lengths and
angles. Sb'! corroles were dome shaped and the deviation of Sb™ ion with respect to
the plane consisting four pyrrolic nitrogen atoms was ~0.963—0.966A. The two corrolato-
antimony(III) complexes exhibited splitted Soret bands in the range of 440-462 nm due
to the low symmetric nature of these molecules. The two (corrolato)(oxo)antimony(V)
complexes exhibited single Soret bands in the range of 408-413 nm. All the four
antimony complexes displayed weak emission in the range of 630-650 nm and a shoulder
at 690-710 nm in CH2Clz. These emission bands were assigned as fluorescence bands
due to the observation of smaller Stokes shift in reference to the lowest energy Q-type
bands. The luminescent properties of Sb™ corroles and SbY=O corroles were also
reported herein and this paves the way for the future utilization of these class of

molecules in various photocatalytic oxygen atom transfer reactions.
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SbCl3/Pyridine
—_—

PhIO

Chapter 4: Large Scale Green Synthesis of Porphyrins

In this chapter, synthesis of symmetric As4-porphyrins from aromatic aldehydes
possessing a variety of substituents having the highest yield of 29%, and the [2+2]
synthesis of trans-A2Bz-porphyrins from dipyrromethanes bearing different substituents
having the highest yield of 40% have been reported. The first step involves the
condensation of pyrrole and aldehyde in an H2O-MeOH mixture using HCI. The obtained
precipitate from the first step was dissolved in reagent grade DMF and refluxed for 1.5
h, and followed by stirring overnight in the air at room temperature. Subsequent
purification through column chromatography or crystallization resulted in the formation
of pure porphyrins. Advantageously, this methodology does not need any expensive
chemicals like DDQ, chloranil, etc., as an oxidizing agent. This reaction also does not
require a large volume of dry chlorinated solvents. Contrary to the reported
methodologies, which are mostly ineffective in the gram-scale production of porphyrins,
the present method perfectly caters to the need for gram-scale production of porphyrins.
In essence, the present methodology represents the easiest and cheapest synthesis of

porphyrin on a large scale for getting a reproducible yield of 10-40% having high purity.
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The synthesis of trans-A2B2-porphyrins from dipyrromethanes was also scrambling free.
In a few of the examples, even column chromatography was also not necessary. A simple
crystallization technique was sufficient enough to generate the desired porphyrins in
good yields. The present synthetic approach thus opened up an avenue for the synthesis
of a wide range of symmetric-A4 and frans-A2B2 —porphyrins on a large scale, which will

further widen the practical applications of these important classes of molecules.

@ + or (i) ,0,CH;OF HCI
< >

(ii) DMF, reflux 1.5 h, Air
10 40 %
32 examples

Chapter 5: The Reaction of NOBF4 with the Sb(III)-corroles: Oxidative addition

of Fluoride at the Antimony and Regioselective Nitration of Corroles

In this chapter, corrolato Sb(IIl) complexes reacted with nitrosonium
tetrafluoroborate in presence of air (O2) and generated frans-difluoro-corrolato Sb(V)
species along with dinitration of corrole ring. These [trans- difluoro(3,17-
dinitro—corrolato) antimony(V)] complexes were fully characterized via X-ray
crystallography, ~UV-vis, FT-IR, and NMR spectroscopy. A [trans-
dinitrosyl(corrolato)antimony(V)] compound has been proposed as a possible reaction
intermediate. This intermediate was subsequently converted into an [trans-
dinitro(corrolato)antimony(V)] species. The formation of these intermediate species has
been established via in situ FT-IR spectra. This [frans-dinitro(corrolato)antimony(V)]

species further transferred the nitro group in the f-positions (3 and 17) of corrole
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periphery in antimony(V)corrole complexes via a radical pathway. Subsequently, the
fluoride ion was inserted into the axial positions of antimony(V)corrole via nucleophilic
attack of fluoride ion from BF4". The trans-difluoro(3,17-dinitro—corrolato)antimony(V)
showed oxygenation reaction under photo-redox conditions in presence of air and light

at ambient temperature.
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1.1 Introduction

In nature, porphyrins are widely abundant, and it plays a pivotal role in various
biological systems. Porphyrins are often referred to as the “Pigments of Life” due to their
intense color, which arises from a highly conjugated m system.! Porphyrins?, and
metallated porphyrins are present in various aromatic heterocyclic and different
macrocyclic derivatives such as heme, 1 (iron porphyrin), (found in hemoglobins,
myoglobins, catalases, cytochromes, and peroxidases, etc.), chlorophylls,

bacteriochlorophylls, etc.

Porphyrins? have huge biological applications such as transportation of O2 in
hemoglobin and storage of Oz in myoglobins, transportation and collection of light
energy in antennae compounds, dioxygen reduction in oxidases, electron transfer in
cytochromes, conversion of solar energy to chemical energy in photosynthetic reaction
centers, and a large number of other enzymatic reactions (peroxidases, catalases,

methylreductases, cytochrome P450, etc.) (Scheme 1.1).

(Orug metabolism) erminal member in the
respiratory chain
2H* aH*
RH +0; > ROH + H,0 0, —>—> 2H;0 +4H"
2e” \ de-

[Cytochrome P450] [Cytochrome C oxidase

0=>oH 0% —OH
@xygen transport/storag§ Heme @Iectron transpo@
0 1 -
% 9 Fe(lll) == Fe(ll)
i —
Fe(ll) = Fe(m) =
[Hemoglobin/myoglobin| Cytochromes

Scheme 1.1  An overview of heme activity.?




Synthetic porphyrin derivatives and their metallated derivatives show unique
chemical, physical and biological properties, which has attracted lots of interest in
different interdisciplinary research fields such as supramolecular building blocks,

molecular electronics, and photodynamic therapy.

Hemoglobin (Heme + globin) is responsible for the transport of oxygen in the
blood from the lungs to cells. Porphyrin macrocycle, 2 containing iron metal atom in the
center of the ring is often referred to as heme group, 1. On the other hand, myoglobin is
responsible for the transport of oxygen in muscle tissues. Both hemoglobin and
myoglobin have the basic structure of the iron protoporphyrin XI unit, which is known

as heme (Figure 1.1).

¢ B

HOOC COOH Porphyrin (2)
Heme (1)

Figure 1.1  Structure of heme and its resemblance with porphyrin ring.

The existence of human life is dependent on one of the naturally occurring
phenomena known as photosynthesis. In this process, plants and other living organisms
capture light energy and convert it to chemical energy. This process begins with the
absorbance of the light energy by proteins that contains chlorophyll, a green-colored
chromophore. This chlorophyll molecule contains a porphyrin ring as the basic structure,

and in this molecule, the inner core of the porphyrin ring is coordinated with a




magnesium metal atom. Chlorophyll a, 3 is a particular type of chlorophyll that is also
involved in aerobic photosynthesis.* It absorbs light energy specifically in the range of
blue and red region wavelength. Chlorophyll a has the basic structure constituted of a
chlorin ring, 4, and the inner core nitrogen atoms of the ring are coordinated with a
magnesium metal atom with different side groups attached to it (Figure 1.2). The name

chlorin is derived from the name chlorophyll.

Chlorin (4)

Chlorophyll a (3)

Figure 1.2 Structure of chlorophyll a and its resemblance with chlorin ring.*

Vitamin Biz, ® 5, commonly known as cobalamin, plays a vital role in the
metabolism process. The molecular structure of vitamin B12 resembles the heterocyclic
compound, corrin, 6 (Figure 1.3)%%. The corrin ring acts as the parent molecule for the
substituted derivative in vitamin Bi2. Again, this corrin moiety has an amazing
resemblance with the porphyrin ring. But unlike porphyrin rings, corrin lacks one of the
carbon atoms which is involved in the linkage of two subsequent pyrrole moieties. The
conjugated © system in the corrin ring is less than that of the porphyrin ring, which makes
the corrin ring more flexible and non-planar. On the other hand, the fully aromatic

derivative of this corrin ring is known as corroles.




Corrin (6)

Vitamin By, (5)

Figure 1.3 Structure of Vitamin Bi2and its resemblance with corrin ring.>
1.2 Nomenclature of porphyrins:

The porphyrins were given names depending on the nature of the color, size, and
numbers of heterocyclic moiety with suffixes such as phyrin or rin.® Sapphyrin, penta-
pyrrolic porphyrinoid macrocycle is blue in color. Similarly, rubyrin is a red-colored
porphyrinoid, whereas pentaphyrin is a porphyrinoid with five pyrrole units, and
hexaphyrin is a porphyrinoid with six pyrrole units. This naming system of the
porphyrinoid molecules was suggested by Frank and Nonn.!® The name porphyrin
emerged from the Greek word ‘porphura’, which means purple. Porphyrins with or
without the presence of a metal center are also observed in different biological systems

such as pheophytins, catabolites, and biosynthetic intermediates in metal-free porphyrin




and hemes containing iron, vitamin Bi2 containing cobalt, chlorophylls containing

magnesium, pigments containing copper, cofactor Fa3o containing nickel, etc.
1.3 Structural modifications of porphyrinoids:

The attempt to synthesize artificial porphyrin derivatives has been made since the
significance of the applications of these macrocycles came to light. While attempting to
synthesize these macrocycles, different kinds of porphyrinoids have been synthesized
with various modifications in various positions. This occurrence led to the structural
modifications of porphyrinoids. These structurally modified porphyrinoid macrocycles
have different structural and electronic properties when compared to the basic porphyrin
framework. Structural modifications of porphyrin have been attained in various ways,
out of which the two most popular strategies used are p-substitution and meso-
substitution (Figure 1.4). Structurally modified porphyrins attained via g-substitution are
octaalkyl porphyrins, 7. Octaalkyl porphyrins can be both symmetric and asymmetric in
structure. These octaalkyl porphyrins are quite similar to the protoporphyrin IX, which
is found in nature. Structurally modified porphyrins attained via meso-substitution do not
generally resemble the naturally occurring macrocycles, but these meso-substituted

porphyrins, 8 are widely used in biological as well as materials chemistry.t*-14

(R R R \

R
ﬂ_ meso-
modification modification R
R R
R R
) R
- L

Figure 1.4 Structures of s-modified and meso-substituted porphyrinoid macrocycles.




Another variety of structurally modified porphyrins is core-modified porphyrins,

9 (Figure 1.5).2>17 In core-modified porphyrins, at least one or two S-pyrrolic nitrogen

atoms of the porphyrin macrocycle are replaced by other donor heteroatoms such as O,

S, Se, and Te.

[

\_

2

\
core-modificatiog .
2 J

Figure 1.5  Structure of core-modified porphyrinoid macrocycles.

Other structurally modified porphyrins are isomeric porphyrins, 10 expanded

porphyrins, 11, and contracted porphyrins, 12 (Figure 1.6).18-%0

e

isomer-formation

-

~

expansion
—_—

2
11
¢contraction

- /

Figure 1.6 Structures of isomer-modified, expanded and contracted porphyrinoid

macrocycles.

In isomeric porphyrins, 10, the basic molecular formula (C2H14N4) of the

porphyrin ring remains the same, but the position of the meso carbons and the pyrrole

moiety gets alternated. In expanded porphyrins, 11, the macrocycle contains more than




four pyrrolic rings which are bonded directly or indirectly (through spacer atom), and the
framework contains a minimum of 17 conjugated atoms. In contracted porphyrins, 12,
the macrocycle contains one carbon atom short at meso position or one pyrrole moiety

short of the parent porphyrin molecule, but it retains the aromaticity.
1.3.1 Porphyrins:

Porphyrin macrocycles are biologically important organic pigments which can be
found in nature as well as can be artificially synthesized.?! The chemistry of porphyrin
macrocycles deals with different kinds of derivatives and analogs of porphyrin along
with its metal complexes.??? Porphyrin is an aromatic tetrapyrrolic ring system. The four
pyrrole rings are connected by four sp? hybridized meso-carbon atoms, which have been
confirmed by various X-ray crystal structures. The very concept of the macrocyclic
porphyrin structure was first suggested by Kiister in 191224, later which was confirmed
by Fischer. The inner core of the porphyrin macrocycle is comprised of two amino
nitrogen and two imino nitrogen. As porphyrin is a highly conjugated system, porphyrin
derivatives are intense in color. The numbering of the porphyrin moiety occurs
throughout the peripheral carbon atoms (Figure 1.7). The carbon atoms located in the
5,10,15- and 20 positions are often called meso-positions, whereas the carbon atoms
located in the 2,3,7,8,12,13,17,18- are referred to as S-positions. The rest of the methine
bridged carbons carbon atoms at 1,4,6,9,11,14,16,19- positions are known as the a-
carbons. These nomenclatures are done by following the convention of nomenclature

used for the 5-membered heterocycles.

The most common synthetic substitution of porphyrin macrocycles occurs in the
eight S-positions located on the pyrrole rings and on the four methine groups, which are

represented as meso-positions. But in nature, the most common substitution of porphyrin




macrocycle is observed at f-positions in an unsymmetrical manner. The unsubstituted

porphyrin macrocycle is called porphine.

4 )

3 5 74 > p-position

a-position

\_

Figure 1.7  Structure of porphyrin macrocycle.

1.3.1.1 Characteristic properties of porphyrins:

Porphyrin derivatives are intensely colored. In porphyrin derivatives, an intense
absorption band is observed in the visible region. Porphyrin macrocycles usually display
an intense absorption band named the Soret band between 350 and 450 nm with a high
molar extinction coefficient (¢ > 100,000). The Soret band is observed due to the highly
conjugated m system. Besides the Soret band, a few other weaker characteristic

absorption bands are also seen, called the Q-bands, in the range of 450-700 nm.2%2¢

Porphyrin macrocycles are aromatic in nature. It consists of 22 m-electrons.
Without any substitution in the S-pyrrole ring or meso-position in the parent porphyrin
molecule is called porphine, whereas porphyrins are substituted porphines. The electron
count is consistent with Hiickel’s [4n+2] rule for aromaticity, where n = 4. Porphyrin

contains two inner-core NH groups and two pyrrolenine nitrogen atoms.

The aromaticity of the porphyrin compounds can be further manifested by the *H

NMR spectra. In the *H NMR spectrum, the chemical shift of the different protons in the

8



porphyrin molecule differs widely due to the strong porphyrin ring current effect.?”?8
Downfield shifts are observed for the peripheral protons, whereas strong upfield shifts
are observed for the inner core NH protons. In FB porphyrins, the chemical shift of the
inner nitrogen protons is usually observed in the range of -4 and -2 ppm due to the
shielding effect of the porphyrin ring current. The meso-protons of the porphyrin
molecule usually resonate at ~ 10 ppm (low field region), so the meso-protons generally
appear in the deshielded region. The protons at the B-pyrrolic position usually resonate
in the range of ~8 to 9 ppm, so the B-pyrrolic protons are also deshielded, compared to
that of pyrrole (~ 6 ppm). However, the formation of aggregates of these porphyrin
macrocycles further complicates its NMR spectrum and is difficult to assign the peaks.
This thesis contains the study of different synthetic methodologies for these porphyrin

molecules.

Porphyrin macrocycles are weak bases. It can be easily protonated in the presence
of bases to generate di-cations. In the free-base porphyrins, which are usually in the

unprotonated form, the two NH protons in the inner core of the mean plane are labile.
1.3.1.2 Synthesis of porphyrins:

The synthesis of porphyrin derivatives has gained attention since the first
synthesis reported by Hans Fisher.?® Since then, various attempts have been made to
simplify the synthesis of porphyrin derivatives and modify their yield. The
methodologies involved the synthesis of symmetric as well as asymmetric porphyrin

derivatives.




Using Rothemund synthetic protocol

Rothemund et al. first reported the synthesis of meso-substituted porphyrins in
1935.%° Tetraphenylporphyrin, 13 was synthesized by reacting aromatic aldehydes and
pyrrole in a sealed tube using pyridine as solvent at a high temperature (Scheme 1.2). No
oxidants were used in this reaction process. However, the yields of the porphyrins were

considerably low as severe conditions were used during the reaction.

4 S )

CHO
[\ ridine
CH) + © 2p2):)°c 24h Q @ O

N P

Scheme 1.2 Synthesis of tetraphenylporphyrin using Rothemund protocol.*

Using Adler-Longo synthetic protocol

Later in 1964, another synthetic methodology for porphyrins was developed by
Adler-Longo (Scheme 1.3).3! In this synthetic route, benzaldehyde and pyrrole were
refluxed in propionic acid under aerial conditions at 141°C, which resulted in the

formation of tetraphenylporphyrin, 13.
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Scheme 1.3  Synthesis of tetraphenylporphyrin using Adler-Longo protocol .3

This synthetic methodology is very useful for synthesizing porphyrin in a
multigram amount. However, this synthetic route has a major limitation as aldehydes

bearing acid-sensitive groups yields no porphyrin.
Using Lindsey's synthetic methodology

In 1986, Lindsey optimized the synthetic methodology for porphyrins and
developed a two-step, one-pot methodology for the synthesis of meso-substituted
porphyrins (Scheme 1.4).323% In this synthetic route, the first step involves the acid-
catalyzed condensation between pyrrole and aldehyde in an inert atmosphere which
results in the formation of the porphyrinogen intermediate. And in the second step, the
porphyrinogen intermediate was oxidized with quinone-based oxidants such as DDQ or
p-chloranil, resulting in the formation of the desired porphyrin macrocycle, 13. This
methodology occurs in mild conditions, and the yields of the desired porphyrins are also

reasonably satisfactory.
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Scheme 1.4  Synthesis of meso-substituted porphyrins using Lindsey methodology.3233

1.3.1.3 Applications of porphyrins:

Porphyrin macrocycles absorb light in the visible region. Thus, porphyrins and
metalloporphyrins both displays unique photophysical, photoredox, and photochemical
properties. Due to these properties, porphyrin and metalloporphyrin have been proven to
be very useful in biological and medical applications. Porphyrins and substituted
porphyrins have vast applications in different fields due to their unique and versatile
properties. The various applications of porphyrins and metalloporphyrins are discussed

below.
1.3.1.3.1 as organic solar cells:

To harvest solar energy and to reduce the consumption of non-renewable energy,
dye-sensitized solar cells (DSSC) are widely studied for the conversion of solar energy
to chemical energy. Porphyrin complexes, 14-17, are vastly used as sensitizers in dye-

sensitized solar cells.34-3
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Figure 1.8  Various structures of porphyrin dyes.*’

Dye-sensitized solar cells are usually made up of solar cells mimicking the
photosynthesis process, which is, converting the solar energy to chemical energy.
Porphyrins are significant macrocyclic ligands. In porphyrin derivatives, an intense
absorption band is observed in the visible region, which is known as the Soret band, with
a high molar extinction coefficient (¢ > 100,000). Besides the Soret band, a few other
weaker characteristic absorption bands are also observed, which are known as the Q-
bands. Due to these features, porphyrins are thought to be ideal for dye-sensitized solar

cells. Porphyrin derivatives containing different meso-, core-, and S-substituents, 14-17
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also play a major role in tuning the properties and functionalities as sensitizers in dye-
sensitized solar cells (Figure 1.8).%" In context to this, porphyrin derivatives containing

conjugated polymers also show huge potential as optoelectronic devices in solar cells.
1.3.1.3.2 as functional devices:

Recently, studies based on molecular functional devices have been a subject of
great interest in molecular electronics.®3® The unique structures and properties of
porphyrin derivatives promote the molecule to be studied as molecular devices.
Porphyrin is an aromatic tetrapyrrolic ring system. The four pyrrole rings are connected
by four sp? hybridized meso-carbon atoms. It is a highly conjugated system. The energy
gap between the HOMO and LUMO is less in porphyrin derivatives, which helps these
types of molecules to perform enhanced electrical properties necessary for molecular
wires. The properties of the porphyrin macrocycle can be varied by several means, such
as metalation by different metal ions or modification of the substituents.*#2 Usually,
metalloporphyrins are formed by substituting the two protons located in the inner core of
the macrocycle with the metal center. The photoelectric behavior can be changed by
varying the substituents on meso-, core-, and f-positions, thus extending the ring size of
the molecule. Thus, the porphyrin macrocycles 18 are the model complexes for the study
of molecular devices (Figure 1.9).** Recent studies showed the formation and self-
assembly of porphyrin molecular wires. A molecular wire is generally a connector that

links between an electron donor and an electron acceptor.
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n=1 to >400

Figure 1.9  Molecular structure of porphyrin wires.*
1.3.1.3.3 As porphyrin-based nanoparticles (NPs):

Nanoparticles have the ability to convey various theranostic agents due to their
smaller size. Theranostic agents are those drugs that are used for both diagnostics and
therapeutics purposes. These nanoparticles are also intensively studied in the field of
photodynamic therapy (PDT). Porphyrins and metalloporphyrins have been taken into
account as theranostic agents due to their unique size, shape, and properties.** Porphyrin,
19% especially metal porphyrins, 20* have shown selectivity towards tumor cell and
anti-tumor activity (Figure 1.10). These porphyrin-based inorganic nanoparticles are also

fabricated to show activity in the field of photodynamic therapy.
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Figure 1.10 Molecular structure of some porphyrin-based inorganic nanoparticles
(NPS).45’46

1.3.1.3.4 As porphyrin-based polymers:

Porphyrin-based polymers have huge applications in the field of catalysis,
photovoltaic cells, biological and medicinal arena. Polymers that are naturally occurring
and synthetically derived have wide applications in the field of photodynamic therapy.
Porphyrin-based polymers are recently studied in the application as photosensitizers in
the field of photodynamic therapy.*"*® Metal-organic frameworks (MOFs) containing
porphyrin macrocycle are prepared either by incorporating porphyrin derivatives inside
the metal-organic frameworks or by utilizing porphyrin derivatives as linkers to generate
MOFs. Various studies have been reported on porphyrin-based metal-organic

frameworks as potential PDT agents for treating resistant cancers.*’
1.3.2 Corroles:

Researchers are relentlessly trying to synthesize various macrocyclic systems,

which resemble the naturally occurring biologically important macrocycles. Corrole is a
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tetrapyrrolic macrocyclic system that resembles the central corrin moiety of vitamin Buz.
This term ‘corrole’ was suggested by Johnson and Price because of its resemblance with
the central corrin moiety of vitamin B12.%® Corrole was first synthesized by Johnson and
Kay in 1965. Corrole has an aromatic 18n—electron system that resembles porphyrin.
Therefore, the corrole macrocycle is considered the intermediate between corrin and
porphyrin macrocycle. Corroles behave as trianionic ligands, whereas porphyrins are
dianionic, and corrin rings are monoanionic in nature. The inner core of the corrole
macrocycle is comprised of three amino nitrogen and one imino nitrogen. The corrole
macrocycle lacks a meso-carbon atom at the C-20 position compared to the porphyrin
macrocycle. Due to the absence of the meso-carbon atom, corroles have a smaller cavity
size than porphyrin, and the symmetry of the corrole macrocycle is also reduced

from Dan to Cav.
1.3.2.1 Characteristic properties of corroles:

Corroles are stable tetrapyrrolic macrocyclic system, and it behaves as trianionic
ligand. This property helps to stabilize metal atoms in higher oxidation states. Corrole
macrocycle is intensely colored. Free-base corroles display a strong Soret band at ~400-
420 nm and Q-bands at ~500-650 nm.>®5! Corroles usually have a lower molar

absorption coefficient than porphyrins, but the molar absorption coefficient of the Q
bands is typically higher in corrole in comparison to porphyrins. Corroles are also

fluorescent in nature, and it exhibits emission spectra at ~600-700 nm with a lifetime of
few nanoseconds.
The *H NMR spectra of corroles show interesting features. The meso-protons of

the corrole moiety generally appear in the deshielding zone. The chemical shift of the

meso-protons of the corrole macrocycle is usually in the range of 8-9 ppm, and the -
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protons appear at ~10 ppm. The aromaticity of the corrole ring is also demonstrated by
the diatropic ring current. The three protons located in the inner N4 core of the free-base
corrole appear in the upfield region. These protons are shielded due to the ring current.
The chemical shift of the imino protons is usually in the range of —2 to —3 ppm.>? These

imino protons generally show a broad singlet.

Corroles are acidic in nature. They are generally more acidic compared to the
porphyrin macrocycles. Corroles can easily release the protons located in the inner N4
core of the free-base corrole in the presence of a base and form monoanionic species.
And in the presence of an acid, it generates the monoprotonated species.> Both the

species have been observed to retain their aromaticity.

The free-base corrole displays two tautomers that are the same in energy, and
both can exist in the same solution.>** Both the tautomers are generally non-planar in
geometry. The existence of both the tautomers has been proven by various spectroscopic
techniques. 2D NMR spectroscopic experiment of H3[TPFPC] proved the presence of
one of the tautomers at —70 °C. Whereas the single-crystal X-ray structure of
2,3,7,8,12,13,17,18-octabromo-5,10,15-tris(pentafluorophenyl)-corrole ~ proved the
presence of the second tautomer. The first single-crystal X-ray structure of corrole was
obtained by Crowfoot Hodgkin et al.®® The single-crystal X-ray structure of 8,12-diethyl-
2,3,7,13,17,18-hexamethyl corrole displayed a non-planar geometry. The deviation of
this planarity is due to the direct linkage of the C1—C19 bond. While studying the single-
crystal X-ray structure of As—corrole, namely, 5,10,15-tris(pentafluorophenyl)corrole, it
was observed that out of the three imino protons, only one proton of the inner core resides
in the inner core plane, whereas the rest two imino protons reside above and below the

inner core plane respectively.® This is because of the saddling of pyrrole moiety.
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1.3.2.2 Synthesis of corroles:

The synthesis of corrole derivatives has gained attention since the first synthesis
reported by Johnson and Kay.>® Since then, various attempts have been made to simplify
the synthesis of corrole derivatives and modify their yield. The methodologies involved

the synthesis of symmetric as well as asymmetric corrole derivatives.
From cyclization of a,c-biladienes:

Johnson and Kay first reported the synthesis of corroles in 1965. The synthetic
route is comprised of a photochemical cyclization between a,c-biladienes and sodium
acetate or ammonium hydroxide in the presence of methanol.>® Usually, a,c-biladienes
are formed via a condensation reaction between dipyrromethanedicarboxylic acid (1
equivalent), 21 and 2-formylpyrrole (2 equivalents), 22 in the presence of methanol
solvent and hydrobromic acid and are obtained as crystalline dihydrobromide salts, 23.

In the presence of cobalt acetate, the free-base corroles, 24, yield their corresponding

~

cobalt(111) corrole derivative, 25 (Scheme 1.5).

CHO
= CF;COOH
+ NH —
= MeOH/HBr
21 22
MeOH/NaOAc
hv
R
Ph,P R
Co(OACc),/PPh;
-

N Y/

Scheme 1.5  Synthesis of the free-base corroles from cyclization of a,c-biladienes.>
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The cobalt(111) corrole derivative was synthesized to inspect the NMR broadening
of the free-base corroles.>® The yield obtained from this synthetic process varied from

20-60%, depending on the nature of the reactants.
From condensation of pyrrole and aldehyde without solvent:

Later in 1999, another synthetic methodology was developed by Gross et al.>®
They  reported the direct synthetic route for  5,10,15-tri(2,3,4,5,6-
pentafluorophenyl)corrole, 27. In this synthetic route, an equimolar amount of 2,3,4,5,6-
pentafluorobenzaldehyde, 26, and pyrrole was taken in the reaction vessel, and the
mixture was heated on a solid support at 100°C in aerial condition for 4 hours. Then, this
reaction mixture was extracted, followed by the addition of an oxidant (DDQ). The
corresponding free-base corrole, 27, was obtained in 11% vyield after separation through

column chromatography (Scheme 1.6).

-

{ 5 F Solid support
E AIumlna
DDQ

Scheme 1.6 Synthesis of free-base corroles from pyrrole and pentafluorobenzaldehyde.>®

From condensation of pyrrole and aldehyde in acetic acid:

Another synthetic methodology was developed by Paolesse et al., modifying the
Adler-Longo method.®® In this synthetic route, three equivalents of pyrrole and one
equivalent of aldehyde were refluxed in the presence of acetic acid. The corresponding

free-base As-corroles, 28, were obtained in a 9% yield after chromatographic separation
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(Scheme 1.7). A certain amount of As-porphyrins was obtained as a side product which
was difficult to separate from the desired product. The maximum yield obtained from

this synthetic methodology was 22%, using 4-nitrobenzaldehyde as the starting

material %!
4 ; N
CHO
{/ \5 + CH3COOH
N reflux
H
R=N02

\_

Scheme 1.7  Synthesis of free-base corroles in acetic acid medium.®

From condensation of pyrrole and aldehyde in water-MeOH/HCI medium:

To avoid the definite formation of As-porphyrins along with the desired free-base
Aas-corrole product, Gryko et al. developed a new synthetic methodology in 2006.5 This
synthetic methodology was inspired by the synthesis of dipyrromethane developed by
Kral et al.%? This methodology involves the one-pot two-step synthesis of both meso-
substituted As-corroles and trans-A2B corroles with good yields. The major advantage
of this synthetic route is a scrambling-free product, and this is one of the most efficient
processes for the synthesis of free-base corroles. For the synthesis of As-corroles,
aldehyde and pyrrole were taken in a reaction vessel and were dissolved in a water-
MeOH (1:1) solution, and subsequently, a concentrated HCI solution was added to this
solution. The first step results in the formation of different kinds of oligocondensates

such as tetrapyrrane, 29, dipyrromethane, etc. The second step involves the oxidation of
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the resulted tetrapyrrane with an oxidant (p-chloranil). The corresponding As-corroles,

30, were obtained with~30% after chromatographic separation (Scheme 1.8).

s R

CHO
/ \ _|_ Hzo, CH30H
CHCI
Qs o ) O
R p-chloranil
\_ % W,

Scheme 1.8  Synthesis of free-base As-corroles in water-MeOH/HCI medium.5!

For the synthesis of Az2B-corroles, dipyrromethane and aldehyde were taken in a
reaction vessel and were dissolved in a water-MeOH (1:1) solution, and subsequently,
concentrated HCI solution was added to this solution. After extraction, p-chloranil was
added to the solution, and the corresponding trans-AzB corroles, 31, were derived by
performing column chromatography with good yields. The yield obtained for trans-AzB
corrole using sterically unhindered dipyrromethane was~ 56%, whereas for hindered

dipyrromethane was about 27-31% (Scheme 1.9).5!

T
C

Rl
+ CH30H,H,0,HClI
—_—
p-chloranil R Q O R
CHO

\_ . J

Scheme 1.9  Synthesis of free-base trans—AzB-corrole in water-MeOH/HCI medium.®*
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1.3.2.3 Metallocorrole complexes:

The inner core of the corrole macrocycle is comprised of three amino nitrogen
and one imino nitrogen. The three NH protons of the inner-core corrole macrocycle are
highly acidic in nature. These protons can be easily deprotonated, and thus the inner N
atoms coordinate with the metal center. The corrole macrocycle stabilizes metals with a
higher oxidation state. The corrole macrocycle is generally metallated by following two
procedures, namely, cyclization of metallated tetrapyrrane (bilane) or by the insertion of

the metal atom in the cavity.

Various types of metallocorroles have been explored throughout the years due to
their different kinds of applications in several fields. Primarily, studies on
metallocorroles were reported by only a few transition metal atoms. But in recent years,
metallocorroles containing rare transition metals, main group metal atoms, lanthanides,
and actinides are also reported. Metallocorroles containing the main group element
display catalytic activity. They also show photocatalytic activity. This thesis contains the
study of the synthesis, characterization, and catalytic activity of antimony corroles in

various oxidation states.
1.3.2.4 Coordination mode of corroles:

When the corrole macrocycle binds with the following transition metal and main
group metal atoms, such as Cr(V), Mo(V), Mn(V), Fe, Co, Rh, Ge, Sn, or P, it displays
square pyramidal geometry around the metal atom, 32 (Figure 1.11).%% In this geometry,
the coordination mode is penta-coordinated. Due to its penta-coordination mode, a
domed shape configuration is observed where the metal atom is axially displaced from

the plane of the inner core N4 atoms.
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Ar

Figure 1.11

Penta-coordinated mode of metallocorroles.5?

The axial ligands ligated to the metal center in this penta-coordination mode are

usually neutral or anionic in nature. The commonly used axial ligands are

triphenylphosphine, pyridine or halides (fluoride, chloride, bromide, and iodide), phenyl,

methyl, oxo, nitride, and nitrosyl moieties.54-%

Corroles generally act as trianionic and tetradentate ligands. When the corrole

macrocycle binds with the following transition metal and main group metal atoms, such

as Cu(3+), Ag(3+), Au(3+), As(3+), Sb(3+), Bi(3+), it displays square planar geometry

around the metal atom, 33 (Figure 1.12).5"7°
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Figure 1.12  Tetra-coordinated mode of metallocorroles.®”-"°

Corroles also display hexa-coordinated complexes, 34 with metal centers such as

AIl(I11), Co (111), Ga(l11), and Ir(111) (Figure 1.13).”*7* In this hexa-coordinated mode, the
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geometry around the metal center is octahedral. The commonly ligated axial ligands in

these complexes are pyridine or triethylamine.

4 Ar

Ar

\_

Figure 1.13  Hexa-coordinated mode of metallocorroles.’*-"

M= CO"I AIIII Galll
Ar L
Pt'V, Rh"l, Irlll

Corrole macrocycle also displays di-coordinated complexes and tri-coordinated
complexes, 35 with metal atoms such as Ti(4+) and V(4+) (Figure 1.14).” The axially

ligated ligand in these complexes is oxide.

Vv
Ar Ar—

Figure 1.14  Tri-coordinated mode of metallocorroles.”™

The metallocorrole chemistry is not as vast as the chemistry of metalloporphyrins.
Yet certain developments have occurred in recent years.”® The immense applications of
metallocorroles in various fields have encouraged researchers to explore metallocorroles
which are air-sensitive and hard to synthesize. No studies on metallocorroles were

reported with metals like alkali metals, early transition metals, lanthanides, and actinide
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elements until 2012, and the studies on metallocorroles with metals like third-row
transition metals and heavier metals of the main group elements are hardly reported.”’
Recent studies showed metallocorroles bearing alkali metal (Li),”® early main group
elements, lanthanides (La, Gd, and Th)"® and actinides (Th and U).” The metallocorroles
have been thoroughly investigated through absorption and emission spectroscopy, mass
spectrometer, 'H NMR spectra, and *C NMR spectra, cyclic voltammetry and
differential pulse voltammetry, single-crystal X-ray crystallography, etc. Some of the
metallocorroles have also been explored via thin-layer spectroelectrochemical analysis.
This measurement includes UV-Vis, FT-IR, and EPR spectroscopy. The electro-reduced
and electro-oxidized species generated by this spectroelectrochemical equipment in situ
are helpful in predicting the spectral change of the species upon reduction and oxidation,
the position where the electron transfer process occurs, and the reversibility nature of the

species.
1.3.2.5 Applications of corroles:

Metallocorroles have broad applications in various fields such as photodynamic
therapy, dye-sensitized solar cells, bioimaging, catalysis, etc.38%1% Corroles, bearing
similar skeleton structures with the naturally occurring heme-containing enzymes, like
Cytochrome P450, can be used as oxidation catalysts. Metallocorroles and other related
macrocyclic ligands can also be used for this purpose. The various applications of

corroles and metallocorroles are discussed below.
1.3.2.5.1 As Catalysts

Metallocorroles bearing different metal centers show efficient catalytic activities
in various reaction conditions (Figure 1.15). Gross et al. first reported the usage of iron

corroles, Fe(tpfc)Cl, 36 as oxidation catalysts for hydroxylation of alkane compounds
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and epoxidation of alkenes to their corresponding alcohols, ketones, and epoxides in the
presence of iodosobenzene in 1999.1°* When the same catalytic reactions were studied
using analogous porphyrin derivatives, it was observed that the porphyrin derivatives
obtained better yields for the oxidized products for both the reactions. Manganese(l11)
corrole, 37 were also used to study the catalytic activity for the oxidation of cyclohexene
in the presence of iodosobenzene. In this case, it was observed that the manganese(l1l)
corrole derivatives yielded better results in comparison to their analogous porphyrin
derivatives in every aspect, such as reaction time, yield, stability, and turnover
frequency.2%21% Iron corroles and rhodium corrole complexes, 38 are efficient catalysts
for cyclopropanation of alkenes in the presence of ethyl diazoacetate.%>1%41% |n 2006,
antimony corroles also showed high selectivity and activity as a photocatalytic agent.
Trans-difluoroantimony(V)corroles, 39 oxidized hydrocarbons to their respective
hydroperoxides in the presence of molecular 021% Cr(V)-oxo corroles also display
efficient catalytic activity.’®” It can easily oxidize small organic molecules such as
triphenylphosphine to triphenylphosphine oxide.'®® The Cr¥oxo/Cr'"! couple is involved
in this catalytic process. Metallocorroles show better catalytic activity in the
cyclopropanation reaction of olefins in comparison to their analogous metalloporphyrin

derivatives.
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L=PPh; (38)

Figure 1.15  Structures of representative metallocorroles which are used as catalysts. %

106

Metallocorroles work as an efficient catalyst for the decomposition of the reactive
oxygen species.!®1% Hydrogen peroxide and peroxynitrite are among some of the
reactive oxygen species. The reactive oxygen species, along with the reactive nitrogen
species, give rise to the nitration of biologically important molecules. This phenomenon
is also called nitrooxidative stress. Due to this stress, different types of neurodegenerative
disorder occurs. In this process, peroxynitrite is formed in vivo. The protonated species
of the peroxynitrite can easily decompose to harmful radicals. As there is no enzyme to
stop this reaction, peroxynitrite specifically is dangerous for biological systems. In this
context, it has been found that the Mn(lll) corrole complexes, 40 and Fe(lIl)corrole
complexes, 41 have huge applications for this purpose.!*® It was also found that the

water-soluble Mn(I11) corrole derivatives with p-pyridinium substitution, 42, act as an
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even better catalyst than negatively charged Mn(lll) corrole complex in the

decomposition of the peroxynitrite species (Figure 1.16).1*

HO,S

\ M=Mn (40),Fe (41)

Figure 1.16  Structures of metallocorroles that are used for the decomposition of the

peroxynitrite species.!!0-11!
1.3.2.5.2 As Sensors

Metallocorroles act as sensors of carbon monoxide gas. It was observed that the
cobalt(l11) corroles could bind very efficiently and selectively with carbon monoxide vs.
oxygen molecule and nitrogen gas (Figure 1.17).1213 The study of adsorption properties
of CO gas on cobalt(lll) corroles, 43 was performed on various cobalt(l1l) corrole
complexes varying the substituents on the meso-positions.*** From this study, it was
observed that when the electron density on the central metal atom increases, the affinity

towards CO binding decreases.
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Figure 1.17 Structure of a representative cobalt(l11) corrole, which is used for CO

sensing.!*

1.3.2.5.3 As Dye Sensitized Solar Cells

To harvest solar energy and to reduce the consumption of non-renewable energy,
dye-sensitized solar cells are widely studied for the conversion of solar energy to
chemical energy. Ruthenium bipyridine derivatives and different porphyrinoids are
widely studied for dye-sensitized solar cells.!*>1" However, ruthenium complexes being
expensive, alternative compounds are explored for this purpose. Various porphyrinoid
and metalloporphyrinoid complexes also have been studied due to their unique

photophysical properties for this purpose.

Figure 1.18 Structures of metallocorroles that are used as sensitizers in dye-sensitized

solar cells.18
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To explore the activity of the corrole macrocycles as dye-sensitized solar cells,
bissulfonated trispentafluorophenylcorrole and its tin corrole complexes, 44 and gallium
corrole complexes, 45 have also been studied (Figure 1.18).118 The study shows that these

complexes bind with the mesoporous material TiO2 with varying efficiencies.
1.3.2.5.4 As Medicinal drugs:

Water-soluble corroles can be a potent candidate for medicinal drugs. The first
water-soluble corrole, 46, was synthesized by changing the para-F atoms of (Hs)tpfc
complex by C-alkylation by pyridine and further N-alkylation (Figure 1.19).1%° The study
for the medicinal applications of this water-soluble corrole was performed, and it was
observed that this corrole macrocycle showed better results than the porphyrin
complexes. The water-soluble corrole showed efficiency in inhibiting endothelial cell
proliferation, tumor progression, and metastasis. Iron (I11) corroles and manganese (111)
corroles have the ability to decompose peroxynitrite, which results in the prevention of

harming the low-density lipoproteins and high-density lipoproteins.t?

Another medicinal application of corrole macrocycles was observed by
gallium(111) corrole complexes.'?? Gallium(l11) corrole complexes exhibited intense
fluorescence, which helped in imaging purposes. Gallium(l11) corrole complexes were
tested on mice containing human breast cancer tumors.'?> When the Ga-corrole
complexes along with the carrier proteins were injected into those mice, the detection of
those tumors was done by in vivo fluorescence-based imaging. It was also observed that
the Ga-corrole complexes were able to suppress the tumor growth without showing side
effects. The amount required for the treatment for the suppression of the tumor growth
was minimal with respect to doxorubicin (anti-cancer drug). It was also observed that the
sulfonated corrole derivatives showed cytotoxicity towards ErbB2-positive breast cancer

cells when the compound was delivered via a cell-penetrating protein molecule.'??
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Figure 1.19 Structure of the first reported water-soluble corrole, which is applied in in

vivo medical investigation.®

1.5 Scope and Objectives of the Present Thesis

In this thesis, several efforts have been made to explore the easiest and cheapest
method to synthesize symmetric As-porphyrins from aromatic aldehydes and trans-
A2B2-porphyrins from dipyrromethanes using [2+2] synthesis in good yields. Attempts
have also been made to synthesize various antimony corrole derivatives having different
substituents. And also to characterize the antimony corrole derivatives thoroughly by
using various spectroscopic techniques. The catalytic activity of the antimony corroles

has also been explored.
1.5.1 Lacunae

1. Metalloporphyrins are a very important class of molecules having a key role in
various biological relevant processes. A few of the important biological processes

where the metalloporphyrins are relevant include photosynthesis, transport and
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storage of dioxygen, and various other electron transfer reactions. Thus there is a
constant strive to synthesize newer varieties of porphyrin scaffolds in order to mimic
the naturally occurring metalloporphyrins. The synthetic approach for the
production of artificial porphyrin derivatives has been a major field of attraction
since the 1930s. Several synthetic methodologies were reported by various pioneer
researchers. But all the methodologies either have harsh reaction conditions, which
leads to by-products that are hard to separate, show scrambling, or have narrow
substrate scope and occur in a very low concentration (~10 mM) which hinders its

industrial-scale applications.

Several attempts have been made to study photocatalytic substrate oxidation at room
temperature, and it is often observed that the best possible choice is a metal complex
bearing a tetrapyrrolic macrocycle as a ligand and a redox-active group 14 orl5
element. A metal-centered (MC) triplet state is responsible for the photocatalytic
activity of these low valent groups 14 and 15 (main group) metal complexes. Being
a group 15 redox-active element, the most commonly found oxidation states of
antimony are +III and +V. High—valent antimony(V)—porphyrin complexes are
extensively studied for various applications due to their propensity to attach to a
wide variety of axial ligands (e.g., O—, N—, and S—donor ligands). Very limited
studies have been carried out on antimony corrole complexes as photocatalysts using

a visible light source for organic transformations.

Porphyrin, a natural pigment, is present in a large number of metalloenzymes, like,
heme, chlorophyll, bacteriochlorophyll, siroheme, heme di, and factor Faso.
Synthetic porphyrinoids and their metallated versions have diverse applications in
various areas like oxidation of organic molecules (as catalysts), water splitting

reactions (as catalysts), as possible components in molecular electronics, as the dye
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in dye-sensitized solar cells, in supramolecular chemistry, and also in photodynamic
therapy (PDT). Thus, a great deal of research interest is involved in the synthesis of
artificial porphyrin. Although numerous synthetic procedures are developed, a
careful observation tells us that the choice of reagents and reaction solvents is
somewhat limited. The major obstacle involved in the traditional synthetic pathways

iIs that they are most successful in the small (milligram) scale synthesis of porphyrin.

Metallo-porphyrinoids constitute the most important class of naturally occurring and
also artificially obtained photosensitizers. Metallo-porphyrinoids can also
participate in multiple electron transfer reactions due to the involvement of
judiciously chosen central metal ions and the equatorially bound porphyrinoid
ligands. High valent metalloporphyrinoid complexes bearing Sn'V, SbhY, AsV, and
PV centers have the propensity to bind axial ligands covalently, and they differ
largely from their transition metalloporphyrinoid counterparts. The axial ligands can
bind and activate a series of substrates. Antimony porphyrinoid complexes are the
ideal choice for photocatalytic multiple electron transfer reactions due to their
excellent photostability, which arises due to the highly reversible shuttling of s?(low
valent) to s°(high valent) electronic configuration. Although antimony is the main
group element, still, Sb-porphyrin complexes can efficiently replace various
transition metal complexes in catalytic oxidation reactions and have the propensity
to fulfill as a spectroscopic and functional model of the cytochrome P450 family of
metalloenzymes. Antimony is an ideal choice for two-electron transfer reactions due
to the availability of thermodynamically stable Sb(l11l) and Sb(V) oxidation states.
Although sparsely reported, but still various researchers have discovered intriguing

properties of different antimony corrole complexes.
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1.5.2 Objectives

1.

To develop an efficient, milder (occurs at RT), cheap (while using aerial oxygen),
and environmentally benign synthetic methodology for the facile synthesis of
porphyrin (symmetric As—porphyrins and trans-Az2B2-Porphyrin) derivatives using
manganese templated ring formation reaction as intermediate and which can also be
easily scaled up for the gram-scale synthesis without scrambling; and to explore the
putative reactive intermediate (Mn—porphyrinogen complex) using a combined

analytical, electrochemical, spectroscopic techniques, and DFT studies.

To synthesize antimony-corrole complexes, including two corrolato-antimony(I11)
complexes and two (corrolato)(oxo)antimony(V) complexes, and to characterize all
the antimony-corrole complexes using analytical, electrochemical, spectroscopic

techniques, and crystallographic studies and to investigate its catalytic activity.

To develop the easiest and cheapest method to synthesize symmetric As-porphyrins
from aromatic aldehydes and trans-AzB2-porphyrins from dipyrromethanes using
[2+2] synthesis in good yields without using any expensive traditional oxidizers like

DDQ, chloranil, etc., a large volume of dry chlorinated solvents, and metal salts.

To synthesize metallocorrole complexes, which contain trans-difluoro-corrolato
Sb(V) species along with dinitration of corrole ring, and to fully characterize them
via X-ray crystallography, UV-vis, FT-IR, and NMR spectroscopy and to explore
the intermediate species, [trans-dinitrosyl (corrolato)antimony(V)] compound
generated from this synthesis via IR and NMR spectroscopy. And also to investigate
the catalytic activity of these [trans-difluoro(3,17-dinitro—corrolato)antimony(V)]

complexes.
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2.1 Introduction

Metalloporphyrins are a very important class of molecules having a key role in
various biological relevant processes.! Few of the important biological processes where
the metalloporphyrins are relevant include photosynthesis, transport and storage of
dioxygen, and various other electron transfer reactions.? Thus, there is a constant strive
to synthesize newer varieties of porphyrin scaffolds in order to mimic the naturally
occurring metalloporphyrins.® The synthetic approach to synthesizing artificial porphyrin
derivatives has been a major field of attraction since the 1930s. Hans Fisher is the pioneer
in the synthesis of porphyrin derivatives.* Rothemund et al. synthesized the tetraphenyl
porphyrin via a direct condensation reaction of pyrrole and aldehyde in the presence of
pyridine in a sealed tube at around 220°C. > A milder version has been reported by Adler
et al. Aldehydes and pyrroles condense in the presence of propionic acid at 141°C in the
presence of air. ® Lindsey developed the two-step one flask methodology in mild
conditions and with satisfactory yields. ’ First step is an acid-catalyzed condensation
reaction and formation of porphyrinogen, and the second step involves the oxidation of
porphyrinogen to porphyrin by using a quinone-based oxidant (Scheme 2.1). One of the
important porphyrin-based analogs is the trans-Az2B2-porphyrins, which have versatile
applications in many areas. & It is clearly observed from the above discussions that the
choice of reagents in porphyrin synthesis owing to mild conditions with wide substrate
scope is still rather small in number. Herein, an attempt has been made to decipher a new
synthetic strategy for the facile synthesis of a series of meso—substituted porphyrins in
mild conditions. The first step of the synthesis involves the condensation of aldehyde and
pyrrole/dipyrromethane in acidic conditions (Scheme 2.1). The second step involves the
manganese templated ring formation reaction. Finally on oxidation via Ph1O/air resulted

the formation of meso-substituted porphyrins in good/moderate yields. This strategy has
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been extended for the synthesis of meso-substituted trans—A:zB2z-porphyrins and

symmetric As—porphyrins.

Previous works

752 (i) TFA/BF;-etherate etc,
P CH,Cl,
H

(ii) DDQ/Chloranil

Present work

R
VS (i) H,0, CH;0H, HC1
Z (i) DMF, Mn(OAc),

HO (i) CH,Cl,, Air/PhIO

Scheme 2.1  Synthetic application of meso-substituted trans-A2B2-Porphyrins.

In order to understand the role of manganese in the ring formation reaction, we
have isolated and characterized a representative Mn—porphyrinogen complex as a
putative reaction intermediate. A combined analytical, electrochemical, spectroscopic
techniques and DFT studies are presented to confirm the structure of this putative reactive
intermediate (Mn—porphyrinogen complex) and to unravel the role of this reaction
intermediate in porphyrin synthesis.
2.2 Results and discussion

2.2.1 Synthesis and Characterization

In order to establish the general nature of the synthetic strategy (Table 2.1), we

have explored the scope of this newly designed porphyrin synthesis by synthesizing a
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series of porphyrin derivatives bearing both electron donating as well as electron-

withdrawing functional groups at the porphyrin periphery.

Table 2.1 Scope of the synthesis of meso-substituted trans-A2B2-Porphyrins.

(i) H,0, CH;0H, HCI
T
(ii) DMF, Mn(OAc),

R
(iii) CH,Cl,, Air/PhIO

DPM/ Aldehyde Porphyrin Yield (%)

Pyrrole

28

25

20
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Under the optimized reaction conditions, the respective aldehyde and the
corresponding dipyrromethane were dissolved in a (2:1) CH3OH and water mixture.
After treatment with aqueous HCI, the reaction mixture was kept on stirring for approx.
2 hours at room temperature. The extracted product was dissolved in dry DMF, and
anhydrous Mn(OAc)2 was added to it and was stirred for another one hour. It is
worthwhile to mention here that while using the Mn(OAc)2-tetrahydrate as a metal
source, tetrapyrromethanes as the precursor ligand and followed by workup mostly in the
non-chlorinated solvents, Kumar et al. have obtained the Mn(lll) corroles. ® The
compound obtained on drying was dissolved in CH2Cl2 and was kept for stirring
overnight with silica gel. The crude product was purified over silica gel chromatography
and resulted in the formation of pure trans-A2B2-Porphyrins in good yields (Figs S3-S11,
and Table 2.1). lodosyl benzene is the effective oxidizing agent for this transformation.
However, in half of these cases, aerial oxidation is sufficient enough to lead the desired
conversion to occur. The same reaction was successful across a broad range of dry
solvents like dichloromethane, methanol, acetonitrile, toluene, and THF. However, we

have observed that DMF is the most suitable solvent for this purpose.

In order to understand the reaction mechanism better, we have isolated a green color
reaction intermediate by using column chromatography. We assume that these
compounds may be the true intermediates as they deliver the porphyrin derivatives upon

oxidation (Figure 2.1).

Unfortunately, these intermediate compounds are not sufficiently stable, and thus,
we were unable to get single crystals of these species. However, we have characterized
a representative derivative (7-Mn) thoroughly by using various techniques like CHN
analysis, ESI-MS analysis, conductivity measurements, UV-Vis, FT-IR, ESR, and

magnetic susceptibility measurements. The composition of this compound (7-Mn) was
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confirmed by using CHN analysis and also by ESI-MS analysis. From the conductivity
measurements, the compound, 7-Mn, shows no conductivity in acetonitrile solution. This

clearly indicates that there are no dissociable counter ions in the compound (7-Mn).

W

5 By CHyOH
HCL

CH;C

Ak! FNO

Figure 2.1 Proposed mechanism.

The EPR spectrum (Figure 2.2), which is observed in CH3OH-C2HsOH glass at
100 K, displays a sextet (g ~ 2.003) originating from the hyperfine coupling of the
unpaired electron with **Mn nucleus (*®*Mn, 100%, | =5/2). An approximate A-value of
95 G, D-value of 180 G, and E-value of 20 G were determined from simulations of the
experimental data, and these values are within the ranges of the reported values of other

Mn-complexes.’° This conforms to the paramagnetic nature of the Mn-complex, 7-Mn.
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Figure 2.2 Experimental X-band EPR spectrum (black) of 7-Mn at 100 K in CH3OH-

C2HsOH glass in a flat cell and the simulated spectrum (red).

From the variable temperature magnetic susceptibility measurements (300K to

2K) (Figure 2.3), we have observed that the room temperature magnetic moment is

3.71us at 300K. 1t

=
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Figure 2.3  Plot of the effective magnetic moment vs. temperature (from 2 to 300 K)

for the complex 7-Mn.
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Figure 2.3 shows a plot of the perr versus temperature (T) for a polycrystalline
sample of 7-Mn. A satisfactory fit, displayed in Figure 2.3, was obtained with Ji2 = —51
cm?, g1= 1.980, g2 = 2.000, and 6 = —3.36 K. Fitting of the magnetic data indicates the
presence of both Mn(IV) and porphyrinogen radical. An antiferromagnetic interaction

exists between the Mn(1V) ion (Smn=3/2) and the porphyrinogen radical (Srad = 1/2).

The cyclic voltammogram (Figure 2.4) of 7-Mn in CH3CN reveals a reversible
couple at 0.48 V and a quasi-reversible couple at -0.73 V vs. Fc/Fc*. While comparing
with analogous Mn(IV) complexes, we have assigned the couple at 0.48 V as

Mn(IV)/Mn(I1I) couple and at —0.73 V as Mn(I11)/Mn(II) couple.*?

4 )

0.5 0.0 0.5 -1.0
\ E [V] /

) of 7-Mn in CHsCN. The

Figure 2.4  Cyclic voltammogram (

potentials are vs. ferrocene/ferricinium.

To support the experimental observation and to get better insight into the
structural parameters, DFT calculations were carried out on 7-Mn as a representative
example (Figure 2.5 and Table 2.2-2.5). The bond lengths and angles of DFT optimized
structures match reasonably well with the previously reported other Mn(1V) hydroxide

complexes. In the optimized structure (Figure 2.5), the two Mn—OH bond distances are
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1.86 and 1.87 A, respectively. These distances fall in the ranges of previously reported

and well-characterized L Mn'V(OH) complexes. 13
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Figure 2.5 DFT optimized structure of 7-Mn

For these complexes, the Mn—OH bond distances are in the range of 1.79-1.88 A.

These values are significantly longer than related Mn'V=0 complexes, ** which are

reported to be in the range of 1.57-1.72 A. The Mn---N(pyrrolic NH) (Mn--"N2 and

Mn---N4) bond distances in 7-Mn are 2.50 and 2.60 A, respectively. These values are

outside the typical range of Mn—N bond distances. However, the Mn--

‘N(pyridine) bond

distances in an Mn(III)—peroxo intermediate has been reported to be as high as 2.49 A.

13d However, the Mn---N(pyrrolic N) (Mn---N1 and Mn---N3) bond distances are usual

and matches nicely with the earlier reports of similar bond distances. 13

2.2.2 TD-DFT Calculations

The DFT calculated UV-Vis and FT-IR spectra corroborate well with the

experimentally obtained spectra (Figure 2.6, Figure 2.8, and Table 2.2-2.5). The
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experimentally obtained UV-Vis spectrum of the 7-Mn in its native state is fully

consistent with the calculated values (Table 2.4).

For example, 7-Mn displays an intense band in the visible spectrum at 416, 470,
and 621 nm (Table S1), the TD-DFT computed values for these transitions are at 432 nm

(SOMO-3 to LUMO), 472nm (SOMO-2 to LUMO), and 620 nm (SOMO-11 to LUMO).

The origin of the bands at 416, 470, and 621 nm is attributed to the LMCT,
LMCT, and ILCT transitions, respectively (Figure 2.9). While reducing the compound
by using LiAIH4 in DCM solution, the band at 416 nm is red shifted to 432 nm, and other

bands in the visible region lose their intensity significantly (Figure 2.7).
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Figure 2.6  UV-Vis spectra of 7-Mn: Experimental UV-Vis absorption spectrum (—)

and TDDFT (TD-B97D/6-31G*)-based absorption spectrum (—)

(Lorentzian broadening with FWHM ~ 25 nm).
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Figure 2.7
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/

Chemical reduction of 7-Mn via LiAlH4 in DCM solution at RT. The
black line indicates the absorption spectra before reduction, and the red

line indicates the species obtained after reduction.
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Table 2.3 Composition of selected molecular orbitals of 7-Mn
State E(eV) Transition Orbitals Contribution | Character
Si3 1.76 SOMO-11(227A) to 0.99(100%) ILCT
LUMO(239A)
S26 2.31 SOMO-18(220A) to 0.11(1.19%) LMCT
LUMO239A)
SOMO-3(235A) to 0.11(1.30%) LMCT
LUMO+1(240A)
SOMO-2(233B) to 0.98(96.30%) LMCT
LUMO(236B)
SOMO-1(234B) to 0.11(1.20%) LMCT
LUMO(236B)
S29 2.52 SOMO-6(232A) to 0.22(4.87%) LMCT
LUMO+1(240A)
SOMO-4(234A) to 0.66(44.37%) LMCT
LUMO+1(240A)
SOMO-3(232B) to 0.69(48.37%) LMCT
LUMO(236B)
SOMO-1(234B) to 0.14(1.92%) LMCT
LUMO+1(237B)

Table 2.4 TD-DFT transitions for 7-Mn.
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As shown in Figure 2.8, not only UV-Vis spectra but also the experimental IR
spectra of 7-Mn can be reproduced with reasonable accuracy by DFT calculation. Some
of the significant and distinguishable IR stretching and bending frequencies of 7-Mn are

listed in Table 2.5.
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Figure 2.8 IR spectrum of 7-Mn: Experimentally recorded FT-IR spectrum (—)

and IR spectrum (—) obtained from DFT (B97-D/6-31G*) computation

(scaling factor; 0.90, Lorentzian broadening with FWHM ~ 25 cm™).

Table 2.5 TD-DFT calculated IR frequencies for 7-Mn.

Functional Group IR frequency (cm™)
Water stretch 3667.10

3664.82
Pyrrole NH 3466.32

3437.08
Pyrrole CH 3235.57-3176.80
Benzonitrile CH 3153.95-3119.51
PFB 2993-2924
CN stretch 2257.96

2257.83
Aromatic C=C bending | 1627.74-900
OH bending 700-900
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Figure 2.9 Calculated single occupied molecular orbitals (SOMO), lowest unoccupied

molecular orbital (LUMO), and the corresponding orbital energies of 7-Mn.

In-situ UV-Vis experiments (Figure 2.10) support that the Mn-complex, 7-Mn is
the intermediate for the desired transformation to occur. For this purpose, the isolated
Mn-complex, 7-Mn, is treated with excess iodosyl benzene, and it yields the trans-A2B.-
Porphyrins instantly. lodosyl benzene is the effective oxidizing agent which can convert
the Mn(1V)- porphyrinogen derivatives to the corresponding trans-AzBz-porphyrins.
However, in half of these cases, aerial oxidation is sufficient enough to lead the desired
conversion to occur. Conversion of Mn(IV)- porphyrinogen derivatives to the trans-
A2B2-porphyrins occurs very fast in the time scale. Literature reports suggest that the
Mn(IV)-OH intermediate* (7-Mn) is a potent H-atom abstractor and has the ability to
carry out the H-atom abstraction reaction efficiently (Scheme 2.2); it is even more potent
than its analogous Mn=0 species. * The resultant Mn(ll) porphyrin (Scheme 2.2) is

unstable at the experimental condition and thus demetalates easily.?
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Figure 2.10 Electronic absorption spectrum of a) 7-Mn in CH2Cl2 solution. After this,

A

excess PhlO was added to this solution; b) Recorded from the crude
reaction mixture after 3 mins, ¢) crude reaction mixture after 6 mins, d)
crude reaction mixture after 9 mins, €) crude reaction mixture after 12
mins, f) crude reaction mixture after 15 mins, g) reaction mixture after 20
mins (passed through a silica gel filter to remove the residual Mn salt and

excess PhlO, and h) Pure 7 in CH2Cl2 solution.

Based on these observations, we can conclude that the metal has performed a dual
role in the present case. Firstly, it acts as a chelating agent and brings the aldehyde and
the corresponding tetrapyrromethanes into a planar conformation and leads to the
macrocycle formation; secondly, it provides the redox equivalents for the reaction.
Oxidative macro-cyclization mediated by metal salts has been reported extensively in the
literature. ™ However, it was limited mostly to the cyclization of a,c-biladienes.*® One
major drawback is that one needs to demetallate the porphyrin derivatives, and also, the

substrate scope is very narrow.’
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Scheme 2.2 Probable mechanism for the conversion of Mn(IV)- porphyrinogen

derivatives to the porphyrins via hydrogen abstraction (HAT=hydrogen

abstraction).

2.3 Conclusions

In summary, we have developed an efficient, milder (occurs at RT), cheap (while
using aerial oxygen), and environment benign methodology for the facile synthesis of
porphyrin (including trans-Az2B2-Porphyrin) derivatives. Most interestingly, these
reactions can be easily scaled up and can be useful for the gram-scale synthesis of
porphyrins. Negligible to no scrambling (for trans-AzB2-Porphyrin) is observed in almost
all of these cases. In half of these representative syntheses, excess iodosylbenezene is
used as an oxidizing agent, and in the rest examples, the air is used as an oxidizing agent.

Excess iodosylbenezene is obviously more expensive than the traditionally used
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oxidizing agent like DDQ. However, in the traditional synthetic routes, using DDQ as an
oxidizing agent, a large excess of chlorinated solvents was used as a reaction medium.
In the present cases, we can limit the use of chlorinated solvents in the reaction medium.
Thus the commercial feasibility of this new method may arise while performing these
reactions on a large scale and using air as an oxidizing agent. In-situ UV-vis experiments
support that the trans-Mn(1V)-dihydroxide is the putative intermediate for the desired
transformation to occur. To support the experimental observation and to get better insight
into the structural parameters, DFT calculations were carried out on 7-Mn as a
representative example. The DFT calculated UV-Vis, and FT-IR spectra corroborate
well with the experimentally obtained spectra. The role of the trans-Mn(1V)-dihydroxide
putative intermediate has been appreciated as a potent H-atom abstractor, which

ultimately leads to the generation of free-base porphyrins.
2.4  Experimental section
2.4.1 Materials

The precursor’s pyrrole, manganese(ll) acetate (98%), and aldehydes were
purchased from Aldrich, USA. Other chemicals were of reagent grade. Hexane and
CH2Cl2 were distilled from KOH and CaH2, respectively. For spectroscopy studies,
HPLC-grade solvents were used. 5-phenyldipyrromethane, 5-(4-
methoxyphenyl)dipyrromethane, and 5-(4-cyanophenyl)dipyrromethane were prepared

by following an earlier literature report. 18
2.4.2 Characterization

UV-Vis spectral studies were performed on a Perkin—Elmer LAMBDA-750
spectrophotometer. The elemental analyses were carried out with a Perkin—Elmer 240C

elemental analyzer. FT—IR spectra were recorded on a Perkin—Elmer spectrophotometer
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with samples prepared as KBr pellets. The NMR measurements were carried out using a
Bruker 400 and 700 MHz NMR spectrometer. Chemical shifts are expressed in parts per
million (ppm) relative to residual chloroform. Electrospray mass spectra were recorded
on a Bruker Micro TOF—QII mass spectrometer. The magnetic susceptibility of the
samples was measured by using a superconducting quantum interference device
(SQUID) manufactured by Quantum Design, USA. Simulations of the experimentally
obtained magnetic measurements were performed using julX programme developed by
Dr. E.Bill, Max-Planck Institute, Muelheim an der Ruhr, Germany. Cyclic voltammetry
measurements were carried out using a CH Instruments model CHI1120A
electrochemistry system. A glassy—carbon working electrode, a platinum wire as an
auxiliary electrode, and a saturated calomel reference electrode (SCE) were used in a
three—electrode configuration. Tetrabutyl ammonium perchlorate (TBAP) was the
supporting electrolyte (0.1M), and the concentration of the solution was 10-3M with
respect to the complex. The half-wave potential E%9s was set equal to 0.5(Epa + Epc),
where Epa and Epc are anodic and cathodic cyclic voltammetric peak potentials,
respectively. The scan rate used was 100 mV s, The solution electrical conductivity
was checked using a CON 700 Conductivity/°C/°F Bench Meter. EPR spectra at X-band
frequency (ca. 9.5 GHz) were obtained with a Bruker EMX (ER 073) System. The EPR
spectra were simulated on a home-written program using C language and used a third-

order perturbation treatment.
2.4.3 Computational Method

The geometry optimization was carried out at the density-functional theory (DFT)
level using the B97 functional with dispersion correction as implemented in the
Turbomole program. %22 The resolution of the identity (RI) approximation, as well as

the multipole-accelerated RI (MARIJ) approximation 23, were employed to speed up the
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calculation. The 6-31G(d) basis set was used for hydrogen, carbon, nitrogen, oxygen, and
fluorine, and def-TZVP basis et was used for manganese. The harmonic vibrational
frequencies of 7-Mn were calculated numerically at the same level of theory. The time-
dependent DFT calculations were also performed at the same level of theory and basis

sets with Gaussian-09 software. 24
2.4.4 Syntheses
2.4.4.1 Synthesis of trans-A:B.-porphyrins, 1-7

The trans-Az2B2-porphyrins (1-7) were prepared by following a general
procedure. Hence, only one representative case is discussed below. 0.100 g (0.4 mmol)
of 5-(4-cyanophenyl)dipyrromethane  and 49.3 4L (0.4 mmol) of 2,3,45,6-
pentafluorobenzaldehyde were dissolved in 50mL MeOH and 25 mL water (2:1)
mixture. Subsequently, 5 mL of aqueous HCI (36%) was added to it. The reaction mixture
was kept on stirring for 2 hours at room temperature. The crude product was washed and
extracted several times with chloroform and water and dried over anhydrous Na2SOa.
The solvent was evaporated to dryness. The extracted product was dissolved in dry DMF,
and 0.173 g (1 mmol) of manganese(ll) acetate was added to it. The mixture was stirred
for another one hour at RT. The dark-colored product was evaporated to dryness. The
crude product was dissolved in minimum dichloromethane and excess PhlO was added
to it, and it was stirred at room temperature in the presence of air, and the rate of the
reaction was monitored through thin layer chromatography (1, 2, 6, and 7). The reaction
generally yields the desired product in 10-15 minutes. The reaction mixture was
immediately purged through a previously packed silica gel (100-200 mesh) column. The
final product was eluted using pure DCM as eluent. In half of these cases, the desired
product is formed without the addition of any external oxidant, like PhlO, and the aerial

oxygen is sufficient enough to perform the reaction (3, 4, and 5).
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2.4.4.2 Synthesis of 5,15-Bis(4-cyanophenyl)-10,20-diphenylporphyrin, 5

4.2 g (17 mmol) of 5-(4-cyanophenyl)dipyrromethane and 1.8 mL (17 mmol) of
benzaldehyde were dissolved in 1L MeOH and 500 mL water (2:1) mixture with the
subsequent addition of 50 mL of aqueous HCI. The reaction mixture was kept on stirring
for 2 hours at room temperature. The crude product was washed and extracted several
times with chloroform and water and dried over anhydrous Na2SOs. The solvent was
evaporated to dryness. The extracted product was dissolved in 100ml dry DMF, and 7.3
g (42.5 mmol) of manganese(ll) acetate was added to it. The mixture was stirred for
another one hour at RT. The dark-colored product was evaporated to dryness. The crude
product was dissolved in minimum dichloromethane and was stirred overnight at room
temperature in the presence of air. The reaction mixture was purged through a silica gel

(100-200 mesh) column.
2.4.4.3 Synthesis of 5,10,15,20-Tetraphenylporphyrin, 8

6.8 mL (0.098 mol) of pyrrole and 10 ml (0.098 mol) of benzaldehyde were
dissolved ina 2 L MeOH and 1 L water (2:1) mixture. Subsequently, 100 mL of aqueous
HCI (36%) was added to it. The reaction mixture was kept on stirring for 2 hours at room
temperature. The crude product was washed and extracted several times with chloroform
and water and dried over anhydrous Na2SOa. The solvent was evaporated to dryness. The
extracted product was dissolved in 200ml dry DMF, and 30 g (0.173 mol)
of manganese(ll) acetate was added to it. The mixture was stirred for another one hour
at RT. The dark-colored product was evaporated to dryness. The crude product was
dissolved in minimum dichloromethane, excess Ph1O was added to it, and it was stirred
at room temperature in the presence of air, and the rate of the reaction was monitored
through thin layer chromatography. The reaction generally yields the desired product in

30 minutes. The reaction mixture was immediately purged through a previously packed
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silica gel (100-200 mesh) column. The final product was eluted using DCM-hexane (1:1)

mixture as an eluent.
2.4.4.4 Synthesis of 5,10,15,20-Tetrakis(4-methoxyphenyl)porphyrin, 9

05 mL (7.34 mmol) of pyrrole and 1.0 gm (7.34 mmol) of 4-
methoxybenzaldehyde were dissolved in 300 mL MeOH and 150 mL water (2:1)
mixture. Subsequently, 30 mL of aqueous HCI (36%) was added to it. The reaction
mixture was kept on stirring for 2 hours at room temperature. The crude product was
washed and extracted several times with chloroform and water and dried over anhydrous
Na2S0s. The solvent was evaporated to dryness. The extracted product was dissolved in
dry DMF, and 3.175 g (18.35 mmol) of manganese(ll) acetate was added to it. The
mixture was stirred for another one hour at RT. The dark-colored product was evaporated
to dryness. The crude product was dissolved in minimum dichloromethane, excess Phl1O
was added to it, and it was stirred at room temperature in the presence of air, and the rate
of the reaction was monitored through thin layer chromatography. The reaction generally
yields the desired product in 10-15 minutes. The reaction mixture was immediately
purged through a previously packed silica gel (100-200 mesh) column. The final product

was eluted using DCM-hexane (1:1) mixture as an eluent.
2.4.4.5 Synthesis of Mn(IV)- porphyrinogen derivative, 7-Mn

0.100 g (0.4 mmol) of 5-(4-cyanophenyl)dipyrromethane and 49.3 xL (0.4 mmol)
of 2,3,4,5,6-pentafluorobenzaldehyde was dissolved in 50mL MeOH and 25 mL water
(2:1) mixture. Subsequently, 5 mL of aqueous HCI (36%) was added to it. The reaction
mixture was kept on stirring for 2 hours at room temperature. The crude product was
washed and extracted several times with chloroform and water and dried over anhydrous

Na2SOa4. The solvent was evaporated to dryness. The extracted product was dissolved in
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dry DMF, and 0.173 g (1 mmol) of manganese(ll) acetate was added to it. The mixture
was stirred for another one hour at RT. The dark-colored product was evaporated to
dryness. The reaction mixture was purged through a silica gel (100-200 mesh) column.

The final green color product was eluted using DCM-hexane (2:3) mixture as an eluent.
2.4.4.6 Synthesis of 5,15-bis(4-cyanophenyl)-10-(pentafluorophenyl)tetrapyrrane

The following synthesis was performed by following a protocol reported earlier.?
0.100 g (0.4 mmol) of 5-(4-cyanophenyl)dipyrromethane and 49.3 xL (0.4 mmol) of
2,3,4,5,6-pentafluorobenzaldehyde were dissolved in 50mL MeOH and 25 mL water
(2:1) mixture. Subsequently, 5 mL of aqueous HCI (36%) was added to it. The reaction
mixture was kept on stirring for 2 hours at room temperature. The crude product was
washed and extracted several times with chloroform and water and dried over anhydrous
Na2SO4. The solvent was evaporated to dryness. The reaction mixture was purged
through a silica gel (100-200 mesh) column. The final product was eluted using

EtOAc/hexane mixture as an eluent.
For 5,15-Bis(pentafluorophenyl)-10,20-diphenylporphyrin, 1

Yield: 28% (49 mg). Anal. Calcd (found) for CasH20F10Na4 (1): C, 66.50 (66.67);
H, 2.54 (2.32); N, 7.05 (7.16). *H NMR (400 MHz, Chloroform-d) & 8.95 (d, J = 4.9 Hz,
4H), 8.80 (d, J = 4.9 Hz, 4H), 8.22 (d, J = 6.9 Hz, 4H), 7.79 (q, J = 7.9, 7.1 Hz, 6H), -
2.84 (br s, 2 H) (Figure 2.11). Other analytical data are consistent with the previously

reported authentic compounds. 2°
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Figure 2.11 'H NMR  spectrum of  5,15-Bis(pentafluorophenyl)-10,20-

diphenylporphyrin, 1 in CDCls.

For 5,15-Bis(4-cyanophenyl)-10,20-bis(4-methoxyphenyl)porphyrin, 2

Yield: 25% (35 mg). Anal. Calcd (found) for C4sH32NeOz2 (2): C, 79.54 (79.66);
H, 4.45 (4.36); N, 11.59 (11.64). 'H NMR (400 MHz, Chloroform-d) & 8.92 (m, 4H),
8.74 (m, 4H), 8.35 (m, 4H), 8.12 (m, 4H), 8.08 (m, 4H), 7.32 (m, 4H), 4.11 (s, 6H), -2.80
(br's, 2H) (Figure 2.12). Other analytical data are consistent with the previously reported

authentic compounds. 2
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Figure2.12 'H NMR spectrum of 5,15-Bis(4-cyanophenyl)-10,20-bis(4-

methoxyphenyl)porphyrin, 2 in CDCls.
For 5,15-Dimesityl-10,20-diphenylporphyrin, 3

Yield: 20% (31 mg). Anal. Calcd (found) for CsoH42N4 (3): C, 85.93 (85.86); H,
6.06 (6.11); N, 8.02 (8.15). *H NMR (400 MHz, Chloroform-d) § 8.78 (m, 4H), 8.69 (m,
4H), 8.23 (m, 4H), 7.75 (m, 6H), 7.28 (s, 4H), 2.63 (s, 6H), 1.84 (s, 12H), -2.62 (br s,
2H) (Figure 2.13). Other analytical data are consistent with the previously reported

authentic compounds. 2
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Figure 2.13 'H NMR spectrum of 5,15-Dimesityl-10,20-diphenylporphyrin, 3 in
CDCla.
For 5,15-Bis(4-methoxyphenyl)-10,20-diphenylporphyrin, 4
Yield: 19% (24 mg). Anal. Calcd (found) for C4sH3sN4O2 (4): C, 81.88 (81.78);
H, 5.08 (5.17); N, 8.30 (8.39). 'H NMR (400 MHz, Chloroform-d) § 8.91 —8.81 (m, 8H),
8.23-8.21 (m, 4H), 8.13 (d, J = 8.2 Hz, 4H), 7.76 (td, J = 8.2, 7.5, 5.3 Hz, 6H), 7.29 (d,
J = 8.3 Hz, 4H), 4.10 (s, 6H), -2.76 (s, 2H) (Figure 2.14). Other analytical data are

consistent with the previously reported authentic compounds. 28
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Figure2.14 'H NMR spectrum of  5,15-Bis(4-methoxyphenyl)-10,20-

diphenylporphyrin, 4 in CDCls.

For 5,15-Bis(4-cyanophenyl)-10,20-diphenylporphyrin, 5

Yield: 18% (1g). Anal. Calcd (found) for C4sH2sNs (5): C, 83.11 (83.10); H, 4.25
(4.33); N, 12.64 (12.77). *H NMR (400 MHz, Chloroform-d) & 8.90 (d, J = 4.8 Hz, 4H),
8.74 (d, J = 4.9 Hz, 4H), 8.34 (d, J = 7.8 Hz, 4H), 8.25 — 8.17 (m, 4H), 8.08 (d, J = 7.8
Hz, 4H), 7.85 — 7.73 (m, 6H), -2.82 (s, 2H) (Figure 2.15). Other analytical data are

consistent with the previously reported authentic compounds. 2°
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Figure 2.15 'H NMR spectrum of 5,15-Bis(4-cyanophenyl)-10,20-

diphenylporphyrin, 5 in CDCls.

For 5,15-Bis(4-methoxyphenyl)-10,20-bis(pentafluorophenyl)porphyrin, 6

Yield: 15% (25 mg). Anal. Calcd (found) for CasH24F10N4O2 (6): C, 64.64
(64.75); H, 2.83 (2.65); N, 6.56 (6.45). 'H NMR (400 MHz, Chloroform-d) & 8.98 (d, J
= 4.9 Hz, 4H), 8.80 (d, J = 4.8 Hz, 4H), 8.23 — 8.01 (m, 4H), 7.34 — 7.28 (m, 4H), 4.11
(s, 6H), -2.80 (s, 2H) (Figure 2.16). Other analytical data are consistent with the

previously reported authentic compounds. 24
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Figure2.16 'H NMR spectrum of  5,15-Bis(4-methoxyphenyl)-10,20-

bis(pentafluorophenyl)porphyrin, 6 in CDCls.

For 5,15-bis(4-cyanophenyl)-10,20-bis(pentafluorophenyl)porphyrin, 7

Yield: 15% (25 mg). Anal. Calcd (found) for CasHisF10Ns (7): C, 65.41 (65.54);
H, 2.15 (2.32); N, 9.95 (9.86). *H NMR (400 MHz, Chloroform-d) § 8.86 (s, 8H), 8.35
(d,J=7.7Hz, 4H), 8.11 (d, J = 7.7 Hz, 4H), -2.89 (s, 2H) (Figure 2.17). Other analytical

data are consistent with the previously reported authentic compounds. %
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Figure 2.17 H NMR spectrum of 5,15-bis(4-cyanophenyl)-10,20-

bis(pentafluorophenyl)porphyrin, 7 in CDCls.

For 5,10,15,20-Tetraphenylporphyrin, 8

Yield: 13% (1.9 g). Anal. Calcd (found) for Cs4Hs30N4 (8): C, 85.97 (85.83); H,
4.92 (5.01); N, 9.11 (9.16). *H NMR (400 MHz, Chloroform-d) & 8.85 (s, 8H), 8.23 (m,
8H), 7.77 (m, 12H), -2.77 (s, 2H) (Figure 2.18). Other analytical data are consistent with

the previously reported authentic compounds. 3!
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Figure 2.18 'H NMR spectrum of 5,10,15,20-tetraphenylporphyrin, 8 in CDCls.

For 5,10,15,20-Tetrakis(4-methoxyphenyl)porphyrin, 9

Yield: 10% (140 mg). Anal. Calcd (found) for CasH3sN4Oa4 (9): C, 78.45 (78.51);
H, 5.21 (5.32); N, 7.62 (7.77). *H NMR (400 MHz, Chloroform-d) & 8.86 (s, 8H), 8.14
(m, 8H), 7.30 (m, 8H), 4.10 (s, 12H), -2.75 (s, 2H) (Figure 2.19). Other analytical data

are consistent with the previously reported authentic compounds. *2
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Figure 2.19 H NMR spectrum of 5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin, 9

in CDCls.

For Mn(1V)- porphyrinogen derivative, 7-Mn

Anal. Calcd (found) for CasH24F10MnN6O2 (7-Mn): C, 58.92 (58.81); H, 2.58
(2.67); N, 8.96 (8.85). Amax/nm (e/M-tcm™1) in dichloromethane: 416 (10860), 470
(7970), 576 (4020), 621 (7140) (Table 2.6). The electrospray mass spectrum in
acetonitrile showed peaks centred at m/z = 920.1210 correspond to [7-Mn—OH]"

(920.1149 calcd for CasH23F10MnNeO) (Figure 2.20).
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Table 2.6 UV—Vis. Data?

Compound UV-vis. Data?

Amax / nm (g / M‘lcm‘l)

7-Mn? 416 (10,860), 470 (7970), 576 (4020), 621 (7140)

an dichloromethane.
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Figure 2.20 ESI- MS spectrum in CH3CN shows the (a) measured spectrum, (b)
isotopic distribution pattern (experimental), and (c) isotopic distribution

pattern (simulated) of 7-Mn.
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For 5,15-bis(4-cyanophenyl)-10-(pentafluorophenyl) tetrapyrrane

Yield: 30% (41 mg). Anal. Calcd (found) for CssHzsFsNe: C, 69.64 (69.77); H,
3.75 (3.84); N, 12.49 (12.37). 'H NMR (400 MHz, Chloroform-d) & 8.14 — 7.86 (br s,
4H), 7.53 (m, 5H), 6.79 — 6.60 (m, 2H), 6.15 (dt, J = 11.2, 3.0 Hz, 2H), 5.97 — 5.53 (m,
9H), 5.42 (d, J=6.3 Hz, 2H), 5.31 (s, 1H) (Figure 2.21). The electrospray mass spectrum
in acetonitrile showed peaks centred at m/z = 695.1893 correspond to [M+Na*] (695.196

calcd for CsgH2sFsNsNa) (Figure 2.22).

N L i

T T T T T T T T T T T T T T T T T T T T 1
a.5 a9 85 8.4 7.5 740 6.5 60 55 50 45 40 3.5 3.0 25 20 15 10 4.5 ppm

Figure 2.21 'H NMR spectrum of 5,15-bis(4-cyanophenyl)-10-(pentafluorophenyl)

tetrapyrrane in CDCls.
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Figure 2.22 ESI- MS spectrum in CH3CN shows the (a) measured spectrum, (b)

isotopic  distribution  pattern  of  5,15-bis(4-cyanophenyl)-10-

(pentafluorophenyl)tetrapyrrane.
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3.1 Introduction

For the photocatalytic substrate oxidation at room temperature, it is often invoked
that the best possible choice is a metal complex bearing a tetrapyrrolic macrocycle as a
ligand and a redox-active group 14 orl5 element . A metal-centered (MC) triplet state
is responsible for the photocatalytic activity of these low valent groups 14 and 15 (main
group) metal complexes . Being a group 15 redox-active element, the most commonly
found oxidation states of antimony are +III and +V ° High—valent
antimony(V)—porphyrin complexes are extensively studied for various applications due
to their propensity to attach to a wide variety of axial ligands (e.g., O—, N—, and S—donor
ligands) "'3. A series of electron-rich molecules like phosphine, alkene, etc., can be
conveniently oxidized by antimony-porphyrin cation radicals owing to the high redox

14-21

potential of antimony-porphyrin complexes . Antimony porphyrin complexes are

extensively used as photocatalysts using a visible light source for various organic

transformations 42!

. Although there are few reports on the antimony-porphyrin
complexes as a potent photocatalyst for various organic reactions '?!. However, such
reports on corrole, a contracted version of porphyrin are very limited 2>?’. Among the
tetrapyrrolic macrocycle, the corrole chemistry is recently gaining a lot of interest 2543,
In this context, it is important that contrary to porphyrin, corrole is trianionic in nature
and thus stabilizes metals in higher oxidation states. The fascinating chemistry of
antimony corroles is rarely reported in the literature 2> In this context, Kadish et al.
have synthesized and characterized the antimony complex of octaethylcorroles in three
(+II1, +IV, +V) different oxidation states 22. Gross et al. have successfully synthesized
and characterized antimony corroles and used them in aerobic oxygenation reactions 2.

Nocera et al. have synthesized and characterized Sb(IIl) and Sb(V) corrole complexes

bearing chloride and bromide as axial ligands. They have further demonstrated that the
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interconversion from Sb(V) to Sb(III) corroles can occur via photo-elimination of axial
halide ligands®*. Gross et al. have reported that difluoroantimony(V) corrole complex
can act as a potent photocatalyst and perform the bromide to bromine conversion while

using visible light %

The present report describes the synthesis and characterization of two novel
corrolato-Sb'"' complexes namely, 5,10,15-Triphenylcorrolato-antimony(III), 1; 5,10,15-
Tris[3,4-(1,4-dioxan)phenyl]corrolato-antimony(Ill), 2 (Figure 3.1). The generated
corrolato-antimony(II) complexes were characterized by various spectroscopic
techniques, including single-crystal X-ray structure of a representative complex 5,10,15-
Triphenylcorrolato-antimony(III), 1. The choice of the ligand framework is obvious here,
as 5,10,15,20-tetraphenylporphyrinato is the most common framework in porphyrin
research; thus, in analogy with that, we have chosen here 5,10,15-triphenylcorrolato. In
addition to that, another ligand framework that bears electron-donating substituents,
i.e., 1,4-dioxan moiety at its periphery, is also chosen. Benzodioxan has been chosen here
in the periphery of the corrole ligand as it contains the basic oxygen atoms and which are
available for coordination with the central metal ion. Literature report suggests that the
high—valent antimony (V) —porphyrin complexes have the propensity to attach to a wide
variety of axial ligands like O—donor ligands’!'. Thus it is obvious that the oxygenated
functional groups like benzodioxan in the periphery of the corrole ligand will dictate the
self-assembly formation. These self-assembled systems, in turn, can tune the stability of

the generated antimony (V)—oxo complexes.
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Figure 3.1 Structures of the 5,10,15-Triphenylcorrolato-antimony(III), 1; 5,10,15-

Tris[3,4-(1,4-dioxan)phenyl]corrolato-antimony(III), 2.

While using the representative corrolato-antimony (III) complexes as the
precursor complex and upon treatment with iodosobenzene as oxidant, the corresponding
high-valent (corrolato)(oxo)antimony(V) complexes (Scheme 3.1) have been
successfully synthesized. The respective (corrolato)(oxo) antimony(V) complexes
(5,10,15-Triphenylcorrolato)(oxo)antimony(V), 3  and  (5,10,15-Tris[3,4-(1,4-
dioxan)phenyl] corrolato)(oxo)antimony(V), 4 were obtained in good yields. The
generated high-valent antimony(V)—oxo corroles were characterized by various
spectroscopic techniques. The photophysical aspects of all the four antimony—corroles

have also been investigated here.
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Scheme 3.1 Synthesis of (5,10,15-Triphenylcorrolato)(oxo)antimony(V), 3 via oxidation

of 5,10,15-Triphenylcorrolato-antimony(IIl), 1 by using iodosobenzene

(PhIO).
3.2 Results and discussion
3.2.1 Synthesis and characterization

The Sb™ corrole derivatives were synthesized by following an earlier literature
report 2. A mixture of the respective FB corroles and SbCls was refluxed in a solution of
pyridine till the fluorescence of starting FB corrole completely disappeared. Upon
chromatographic separation, the corresponding Sb'! corrole derivatives 1 and 2 were
formed in good yields. The purity and identity of the Sb'!! corrole derivatives (1 and 2)
have been demonstrated by their satisfactory CHN analyses and also by the ES/I-MS data.
The electrospray mass spectrum of 1 in acetonitrile (Figure 3.12) shows peaks centered
at m/z = 644.068, corresponding to [M'] (calculated molecular mass: 644.096). The
corrolato-oxo-antimony(V) derivatives were prepared by following an earlier literature

report 23. A mixture of the respective Sb™! corrole and PhIO was stirred in a solution of
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CH:CL> till the starting corrolato-antimony(Ill) completely disappeared. Upon
chromatographic separation, the corresponding corrolato-oxo-antimony(V) derivatives
3 and 4 were formed in good yields. The purity and identity of the corrolato-oxo-
antimony(V) derivatives have been demonstrated by their satisfactory CHN analyses

and also by the ESI-MS data.

3.2.2 Crystal structure

The compound (5,10,15-Trisphenylcorrolato)antimony(III), 1, crystallizes in two
different conformations with slightly different bond lengths and angles in two different
solvents. The crystal structures of both the conformers of 1 are shown in Figure 3.2. The
compound crystallized in the triclinic space group as the 1% conformation with two
molecules of 1 in each unit cell (Table 3.1). The 2™ conformation crystallized in the
monoclinic space group with four molecules of 1 in each unit cell (Table 3.1). Selected
crystallographic parameters of both the conformations have been reported in Table 3.1.
The Sb™ corrole is dome-shaped, and the deviation of the Sb'"" ion with respect to a plane
consisting of four pyrrolic nitrogen atoms is ~0.963 A ( 1 conformer) and ~0.966 A (
2™ conformer), respectively. This kind of dome-shaped geometry is frequently observed
when a large central metal ion like Sb(III) is chelated with porphyrin/corrole cores. If the
metal-nitrogen bond distances are significantly larger than one-half of the length of the
diagonal N-N distances in the porphyrin/corrole core, a dome-shaped structure prevails.

This is indeed the case here.
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Figure 3.2  Single-crystal X-ray structure of 1 (both the conformers are shown). (a) 1%

conformer and (b) 2™ conformer.

Herein, the Sb-N bond distances (~2.12 A) are appreciably larger than the one-
half of the diagonal N-N distances (~1.90 A). Thus Sb(III) ion cannot fit into the corrole
cavity and resides above the N4 corrole core. The Sb—N bond distances are 2.127 A (for
Sb1-N1), 2.120A (for Sb1-N2), 2.123A (for Sb1-N3), and 2.114A (for Sb1-N4) in the
1t conformer. The Sb—N bond distances are 2.108 A (for Sb1-N1), 2.119A (for
Sb1-N2), 2.136A (for Sb1-N3), and 2.106A (for Sb1-N4) in the 2™ conformer. The N-
Sb-N bond angles are 78.49°, 83.55°, 78.37°, and 71.91° in the 1% conformer. The N-Sb-

N bond angles are 78.23°, 83.16°, 78.19°, and 71.21° in the 2™ conformer (Scheme 3.2).

-
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Scheme 3.2 Structural parameters of 1%t and 2" conformers

90



The dihedral angles between the meso-substituents at 5-, 10-, and 15- positions
and the plane consisting of four pyrrolic nitrogen atoms are 57.67°, 88.62° and 71.69°,
respectively, in the 1% conformer. The dihedral angles between the meso-substituents at
5-, 10-, and 15- positions and the plane consisting of four pyrrolic nitrogen atoms are
49.46°,74.97°, and 48.66°, respectively, in the 2™ conformer. The closest Sb-Sb distance
between a pair of 1 molecule is 4.17 A in the 1 conformer (Figure 3.3). The closest Sb-

Sb distance between a pair of 1 molecule is 6.74 A in the 2™ conformer. Sb™-N bond

lengths and N-Sb-N angles corroborated well with the previously reported Sb"'-N bond

lengths and N-Sb-N angles in relation to the Sb™ corrole derivatives 2*.

Figure 3.3 Single-crystal X-ray analysis of 1 revealing the closest Sb—Sb distances

(a) 1% conformer and (b) 2" conformer.
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Table 3.1

Crystallographic data of 1 for both the conformers.

compound code 1 (1* conformer) 1 (2" conformer)
molecular formula C37H23N4Sb C37H23NaSb
Fw 645.35 645.35
Radiation Mo Ka, Mo K,
crystal symmetry Triclinic Monoclinic
space group P-1 P2i/c

a(A) 10.8994 (4), 12.4741 (8)
b(A) 11.3461 (5), 21.8912 (10)
c(A) 12.0068 (5) 10.7274 (6)
a(deg) 76.495 (3), 90

Adeg) 79.268 (3), 99.256 (5)
g(deg) 84.733 (3) 90

V(A3) 1416.71 (10) 2891.2 (3)
Z 2 4

 (mm") 101 0.99

1K) 293 298

Dealed (g cm™) 1.513 1.483
20range (deg) 4.52 t0 60.48 6.612 to 53.464
e data (Rin) 8247 (0.059) 6112 (0.073)
R1 (I>20(1)) 0.0515 0.037

WR2 (all data) 0.1425 0.081

GOF 0.894 1.02

Apmax, Apmin (¢ A7) | 1.47, =0.62 0.64, —0.36
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3.2.3 NMR spectra

In the native states, all these antimony corroles are diamagnetic in nature (Figs.
S5-S12) and are evident from the appearance of sharp peaks with normal chemical shifts
in the "H NMR spectrum of these complexes. 1 exhibit twenty-three partially overlapping
aromatic protons in the region ¢, 9.2—7.7 ppm (Figure 3.4, Figure 3.5, and Figure 3.10).
Out of these signals, four doublets (6=9.19, 9.13, 8.80, 8.76) are easily identifiable, with
expected coupling constants of ~5.0 Hz. One can safely assign these doublets as
originating from f-pyrrolic hydrogen atoms based on the coupling constant values. The
meso-aryl protons are observed at 8.42 — 7.70 ppm region. The signals of the meso-aryl

protons are broadened at room temperature.

The 'H NMR spectrum of 2 exhibits the expected number of seventeen partially
overlapping aromatic protons in the region &= 9.22-7.06 ppm (Figure 3.13). Twelve
ethylene protons of the 1, 4-dioxan moiety appear in the region of 4.61 — 4.35 ppm as a
broad singlet. All the signals in the Sb-corrole derivatives show a downfield shift

compared to the FB corroles.

Complex 3 exhibits twenty-three partially overlapping aromatic protons in the
regiond, 8.67-7.56 ppm (Figure 3.16). Out of these signals, four doublets (6=8.67, 8.40,

8.29) are easily identifiable, with expected coupling constants of ~5.0 Hz.

One can safely assign these doublets as originating from f-pyrrolic hydrogen atoms
based on the coupling constant values. The meso-aryl protons are observed in 7.86 — 7.56
ppm region. All the signals in the corrolato-oxo-antimony(V) complexes show increased

shielding compared to the corrolato-antimony(IIl). Variable temperature NMR spectra
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suggest the pyrrolic protons and the meso-phenyl ring protons behave differently with

temperature variations (Figure 3.5).
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Figure3.4 'H NMR spectrum of the complexes (a) (5,10,15-
Triphenylcorrolato)(oxo)antimony(V), 3 and (b) 5,10,15-

Triphenylcorrolato-antimony(III), 1 in CDCls.

94



300K

E il

t — T
280K //
. 5 - I
A
a5 0o 5 /‘ 5 £ a5
270K /
—
1 E ER
R 9N a5 X 5 0 55
2608
I I F
250K
= = =z
2A0K

TS

F O

Ppm

Figure 3.5

"H NMR spectra of 1 in CDCIs at variable temperatures.
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While lowering the temperature, the signals due to the pyrrolic protons collapses
from well-defined doublets to a near singlet peak. On the other hand, the broad signals
of meso-phenyl ring protons are converted into well-resolved signals at 233 K. This
indicates different aggregation behavior (m-m stacking driven intermolecular self-
assembly formation®®) of the corrolato-antimony(IIl) complex, 1 at different
temperatures. This observation supports the formation of different conformers of 1

during crystallization with different solvents.
3.2.4 UV-Vis and emission spectroscopy

Electronic spectral data of the compounds (1—-4) in CH2Cl2 (Figure 3.6 and Figure
3.7) are shown in Table 3.2. All the two corrolato-antimony(III) complexes 1 and 2
exhibit Soret bands in the range of 440-462 nm. Interestingly, these typical split Soret
bands reflect the low symmetric nature of these molecules®*. This kind of splitting of the
Soret bands arises due to the removal of polarization degeneracy (x and y) 2. Another
four weak bands arise in the visible region in the range of 539-668 nm. The molar
absorption coefficient of the Soret bands in 1 and 2 are in the range of 1-1.3 x 10°
M~'em™!, and the molar absorption coefficient of the Q-type bands in 1 and 2 are in the
range of 7-42 x 10 M~'em™!. All the two (corrolato)(oxo)antimony(V) complexes 3
and 4 exhibit Soret bands in the range of 408-413 nm. Unlike 1 and 2, there is no splitting
in the Soret bands of compounds 3 and 4. The presence of a single Soret band in 3 and 4
indicates their gain in symmetry in comparison with 1 and 2. The molar absorption
coefficient of the Soret bands in 3 and 4 are in the range of 1.4 x 10° M~'cm™, and the
molar absorption coefficient of the Q-type bands in 3 and 4 are in the range of 16—36 x

10° M'em™.
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Figure 3.6 Electronic absorption spectra of complexes, 1 (black line) and 3 (red line) in

CH:2Cl2 at room temperature.

T D

400 ' 600 '
A[nm] /

Figure 3.7 Electronic absorption spectra of complexes 5,10,15-Tris[3,4-(1,4-

dioxan)phenyl]corrolato-antimony(Ill), 2 (black line) and (5,10,15-
Tris[3,4-(1,4-dioxan)phenyl]corrolato)(oxo)antimony(V), 4 (red line) in

CH:2Cl2 at room temperature.

97



Compound 1 displayed weak emission at 630 nm and a shoulder at 690 nm in
CH:Cl2 (Figure 3.8). 2 displayed weak emission at 649 nm and a shoulder at 710 nm in
CH2Cl. 3 displayed weak emission at 632 nm and a shoulder at 688 nm in CH2Clz. 4
displayed weak emission at 647 nm and a shoulder at 711 nm in CH2Clz. These emission
bands are assigned as fluorescence bands due to the observation of smaller Stokes shifts

in reference to the lowest energy Q-type bands 2.

/30000 .
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Figure 3.8  Normalized electronic emission spectra (excited at the Soret band) of the

complexes 5,10,15-Triphenylcorrolato-antimony(III), 1 (solid black line),
5,10,15-Tris[3,4-(1,4-dioxan)phenyl] corrolato-antimony(IIl), 2 (dotted
black line), (5,10,15-Triphenylcorrolato) (oxo) antimony(V), 3 (solid red
line), and (5,10,15-Tris[3,4-(1,4-dioxan)phenyl] corrolato) (oxo0)

antimony(V), 4 (dotted red line) in CH2Cl2 at room temperature.
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Table 3.2

UV-Vis dataof1, 2, 3and 4.2

complex | Amax [nm] (¢ [Mlem'])
1 | 440(128000), 459(112000), 539(12800), 570(9000), 613(12000),
663(42400),
2 | 442(121000), 462(101000), 540(12300), 574(7400), 618(11400),
663(38300).
3 | 408(140000), 534(11100), 573(16700), 608(35900).
4 | 413(140000), 534(12700), 576(16900), 615(36100).

4 Measurements in CH2Clb.

3.2.5 Redox properties

The redox properties of 1 was investigated in CH2Cl2/0.1 M TBAP by using

cyclic voltammetric techniques (Figure 3.9). Antimony corrole complex 1 exhibited two

successive one electron reversible oxidative couple and one reversible reductive couple

versus Ag-AgCl reference electrode.

Figure 3.9

Cyclic voltammograms of 1 in CH2Cl». The potentials are vs.Ag/AgCl.
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The first oxidation was observed at E%9s, V (AEp, mV): 0.45(80), and the second
oxidation process was observed at %9z, V (AEp, mV): 0.99(90) for 1. They also showed
one reversible reductive couple £%9s, V (AEp, mV): -1.45(90) (1) versus Ag-AgCl. These

values are in line with the previously reported other antimony corroles?.
3.3  Conclusions

We have presented here the synthesis of four new antimony-corrole complexes,
including two corrolato-antimony(IIl) complexes and two (corrolato)(oxo)antimony(V)
complexes. The purity and identity of these new antimony(Ill) and antimony(V)-oxo
complexes have been demonstrated by their satisfactory elemental analysis and also by
various other spectroscopic techniques. The "H NMR spectra of this new antimony (III)
and antimony(V)-oxo complexes demonstrate sharp resonances with normal ‘chemical
shifts’ and thus indicate their diamagnetic nature in the native states. As both Sb (III)
{4d'°5s?} and Sb (V) {4d'°5s°} has closed-shell electronic configuration thus antimony-
corroles are expected to be diamagnetic in nature. One of the representative corrolato-
antimony(III) complexes has been characterized by X-ray diffraction. While using two
different solvents for crystallization, we have obtained two different conformers for the
corrolato-antimony(IIT) complex, 1. There is a slight change in bond lengths and angles
in these two conformations. In both the conformers, Sb™ corrole is dome-shaped, and the
deviation of Sb™ ion with respect to the mean corrole plane (consists of four pyrrolic
nitrogen atoms) is ~0.963-0.966 A. This clearly indicates that the metal ion is
significantly displaced from the mean corrole plane. Till date, the crystal structure of
related Sb™ corroles is rarely reported in the literature. The luminescent properties of
Sb™ corroles and SbY=0 corroles are also reported herein, and this paves the way for the

future utilization of these classes of molecules in various photocatalytic oxygen atom
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transfer reactions. Future work from our laboratories will be focused on the

photocatalytic applications of these classes of molecules.
3.4  Experimental section

3.4.1 Materials

The precursors pyrrole, p-chloranil, benzaldehyde, and 1,4-benzodioxan-6-
carboxaldehyde were purchased from Aldrich, USA. SbCls and pyridine were purchased
from Merck, India. Other chemicals were of reagent grade. Hexane and CH2Cl2 were
distilled from KOH and CaHa, respectively. For spectroscopic and electrochemical
studies, HPLC grade solvents were used. The free base corroles; 5,10,15-
Triphenylcorrole and  5,10,15-Tris[3,4-(1,4-dioxan)phenyl]corrole were prepared

according to the published procedures *-°.

3.4.2 Physical Measurements

UV-Vis spectral studies were performed on a Perkin—Elmer LAMBDA-750
spectrophotometer. Emission spectral studies were performed on a Perkin Elmer, LS 55
spectrophotometer using an optical cell of 1 cm path length. The elemental analyses were
carried out with a Perkin—Elmer 240C elemental analyzer. FT-IR spectra were recorded
on a Perkin—Elmer spectrophotometer with samples prepared as KBr pellets. The NMR
measurements were carried out using a Bruker AVANCE 400 NMR spectrometer.
Tetramethylsilane (TMS) was the internal standard. Electrospray mass spectra were
recorded on a Bruker Micro TOF—QII mass spectrometer. Cyclic voltammetry
measurements were carried out using a CH Instruments model CHII120A4
electrochemistry system. A glassy carbon working electrode, a platinum wire as an
auxiliary electrode and an Ag-AgCl reference electrode were used in a three—electrode

configuration. Tetrabutyl ammonium perchlorate (TBAP) was the supporting electrolyte

101



(0.1M) and the concentration of the solution was 10~M with respect to the complex. The
half-wave potential E%9s was set equal to 0.5(Epa + Epc), Where Epa and Epc are anodic
and cathodic cyclic voltammetric peak potentials, respectively. The scan rate used was

100 mV s~

3.4.3 Crystal Structure Determination

Single crystals of 5,10,15-Triphenylcorrolato-antimony(Ill), 1 were grown by slow
diffusion of solution of 1 in dichloromethane into hexane, followed by slow evaporation
under atmospheric conditions. This resulted in the formation of the 1% conformer of 1.
On the other hand, slow evaporation from the dichloromethane-ethanol mixture resulted
in the formation of the 2" conformer. The crystal data of 1 (1% conformer) was collected
on a Bruker Kappa APEX II CCD diffractometer at 293 K. The crystal data of 1 (2™
conformer) were collected on a Rigaku Oxford diffractometer at 293 K. Selected data
collection parameters and other crystallographic results are summarized in Table 3.1. All
data were corrected for Lorentz polarization and absorption effects. The program
package SHELXTL®' was used for structure solution and full-matrix least-squares
refinement on F?. Hydrogen atoms were included in the refinement using the riding
model. Contributions of H atoms for the water molecules were included but were not
fixed. Disordered solvent molecules were taken out using SQUEEZE command in
PLATON?2, CCDC 1943791 contains the supplementary crystallographic data for 1 (1%
conformer). CCDC 1943792 contains the supplementary crystallographic data for 1(2™

conformer). These data can be obtained free of charge via www.ccdc.cam.ac.uk/data

request/cif.
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3.4.4 Synthesis
3.4.4.1 Synthesis of 5,10,15-Triphenylcorrolato-antimony(l11), 1:

1 was prepared by a slight modification of a general procedure for the synthesis of Sb—
corrole developed by Kadish er al. [22]. 100 mg (0.19 mmol) of 5,10,15-
Triphenylcorrole, and 300 mg (0.76 mmol) of SbCls were added to a 20 mL of pyridine
solution. The solution was then heated to reflux at 100°C till the fluorescence of starting
FB corrole completely disappeared. The solution was then dried in a vacuum. The residue
was then purified by chromatography on a silica gel column using CH2Clo—hexane
mixture (6:4) as eluent. The green fraction containing antimony corrole was further
purified by recrystallization from dichloromethane/hexane mixture to give 105 mg of

pure 1. Average Rr values (1:1 CH2Clz: hexane mixture / silica gel plates): 0.75.
For (5,10,15-Trisphenylcorrolato)antimony(l11), 1:

Yield 105 mg, (85%). Anal. Calcd (found) for C37H23N4Sb (1): C, 68.86 (68.71);
H, 3.59 (3.70;); N, 8.68 (8.81). UV-Vis (dichloromethane) Amas/nm (e/Mlcm™):
440(128000), 459(112000), 539(12800), 570(9000), 613(12000), 663(42400). '"H NMR
(400 MHz, Chloroform-d) 6 9.19 (d, J = 4.1 Hz, 2H, S-pyrrolic), 9.13 (d, J = 4.7 Hz,
2H, fpyrrolic), 8.80 (d, J=4.2 Hz, 2H, f-pyrrolic), 8.76 (d, J = 4.8 Hz, 2H, f-pyrrolic),
8.42-7.94 (m, 6H, meso-aryl), 7.89-7.70 (m, 9H, meso-aryl) (Figure 3.10). *C NMR (101
MHz, CDCls) 6 143.76, 141.86, 140.63, 139.00, 138.07, 134.91, 134.51, 128.94, 127.73,
127.67, 127.45, 125.62, 124.72, 117.43, 115.97, 109.63 (Figure 3.11). The electrospray
mass spectrum in acetonitrile showed peaks centered at m/z = 644.0676 correspond to
[1]" (644.096 calcd for C37H23N4Sb) (Figure 3.12). 1 displayed weak emission at 630 nm

and a shoulder at 690 nm in CH2Cl2 (Excited at the Soret band).
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Figure 3.10 'H NMR spectrum of 1 in CDCls.
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Figure 3.11  '3C NMR spectrum of 1 in CDCls.
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Figure 3.12 ESI- MS spectrum of 1 in CH3CN shows the measured spectrum with

isotopic distribution pattern.

3.4.4.2 Synthesis of 5,10,15-Tris[3,4-(1,4-dioxan)phenyl]corrolato-antimony(l1l), 2:

100 mg (0.14 mmol) of 5,10,15-Tris[3,4-(1,4-dioxan)phenyl]corrole, and 300 mg
(0.76 mmol) of SbCls were added to a 20 mL of pyridine solution. The solution was then
heated to reflux at 100°C till the fluorescence of starting FB corrole completely
disappeared. The solution was then dried in a vacuum. The residue was then purified by
chromatography on silica using pure CH2Cl2 as eluent. The green fraction containing
antimony corrole was further purified by recrystallization from dichloromethane/hexane
mixture to give 100 mg of pure 2. Average Rrvalues (1:1 CH2Cl2: hexane mixture / silica

gel plates): 0.11.
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For 5,10,15-Tris[3,4-(1,4-dioxan)phenyl]corrolato-antimony(l11), 2:

Yield 100mg (86%). Anal. Calcd (found) for C43H20N4O6Sb (2): C, 63.02 (63.18);
H, 3.57 (3.72;); N, 6.84 (6.74). UV-Vis (dichloromethane): Amax/nm (e/M'cm™):
442(121000), 462(101000), 540(12300), 574(7400), 618(11400), 668(38300). 'H NMR
(400 MHz, Methylene Chloride-d2) 6 9.22 —9.05 (m, 4H), 8.77 (dd, J=17.6, 4.4 Hz, 4H),
7.82 —7.34 (m, 6H), 7.34 — 7.06 (m, 3H), 4.61 — 4.35 (m, 12H) (Figure 3.13). *C NMR
(101 MHz, CDCls) 6 143.94, 143.64, 143.34, 142.97, 142.60, 139.00, 138.12, 135.17,
134.79, 133.98, 128.91, 128.67, 127.89, 125.51, 124.63, 123.33, 116.79, 116.50, 116.09,
115.72,108.80, 64.82, 64.79, 64.74, 53.56 (Figure 3.14). The electrospray mass spectrum
of 2 in acetonitrile showed peaks centered at m/z = 818.147 correspond to [2]" (818.113
calcd for C43H20N4O6Sb) (Figure 3.15).. 2 displayed weak emission at 649 nm and a

shoulder at 710 nm in CH2Cl2 (Excited at the Soret band).
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Figure 3.13 'H NMR spectrum of 2 in CD2Cl..
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Figure 3.14 '3C NMR spectrum of 2 in CD2Cla.
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Figure 3.15 ESI- MS spectrum of 2 in CH3CN shows the measured spectrum with

isotopic distribution pattern.
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3.4.4.3 Synthesis of (5,10,15-Triphenylcorrolato)(oxo)antimony(V), 3:

3 was prepared by a slight modification of a general procedure for the synthesis
of (corrolato)(oxo)antimony(V) developed by Gross et al**. 10 mg (0.016 mmol) of
5,10,15-Triphenylcorrolato-antimony(III), 1, and 10 mg (0.048 mmol) of PhIO were
added to a 10 mL of CH2Cl2 solution. The solution was then stirred well at RT till the
starting corrolato-antimony(III) completely disappeared. The solution was then purified
by chromatography on neutral alumina using pure CH2Cl2 as an eluent. The blueish-
green fraction containing (corrolato)(oxo)antimony(V) was further purified by
recrystallization from dichloromethane/hexane mixture to give 7 mg of pure 3. Average

Rt values (1:1 CH2Clz2: hexane mixture / neutral aluminium oxide plates): 0.89.
For (5,10,15-Triphenylcorrolato)(oxo)antimony(V), 3:

Yield 7 mg, (68%). Anal. Calcd (found) for C37H23N4OSb (3): C, 67.19 (67.35);
H, 3.51 (3.64); N, 8.47 (8.32).UV-Vis (dichloromethane) Ama/nm (¢ /M'cm™):
408(140000), 534(11100), 573(16700), 608(35900). 'H NMR (400 MHz, Chloroform-
d) 6 8.67 (dd, J=11.0, 4.5 Hz, 4H), 8.40 (d, J=4.2 Hz, 2H), 8.29 (d, J = 4.7 Hz, 2H),
7.86 (m, J = 6.8 Hz, 4H), 7.80 — 7.56 (m, 11H) (Figure 3.16). 3*C NMR (101 MHz,
CDCl) o 142.71, 140.81, 139.76, 139.14, 137.64, 136.33, 135.17, 132.86, 131.07,
130.38, 127.93, 127.60, 127.56, 127.39, 127.21, 127.12, 125.70, 124.24, 115.38, 114.80,
109.09 (Figure 3.17). The electrospray mass spectrum of 3 in acetonitrile (Fig. S3)
showed peaks centered at m/z = 661.2356 correspond to [3+H]" (661.091 calcd for
C37H24N4OSb) (Figure 3.18). 3 displayed weak emission at 632 nm and a shoulder at

688 nm in CH2Cl» (Excited at the Soret band).
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Figure 3.16 'H NMR spectrum of 3 in CDCls.
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Figure 3.17 '3C NMR spectrum of 3 in CDCls.
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Figure 3.18 ESI- MS spectrum of 3 in CH3CN shows the measured spectrum with
isotopic distribution pattern.
3.4.4.4 Synthesis of (5,10,15-Tris[3,4-(1,4-dioxan)phenyl]corrolato)(oxo)antimony

(V), 4:

4 was prepared by a slight modification of a general procedure for the synthesis
of (corrolato)(oxo)antimony(V) developed by Gross et al. 2*. 10 mg (0.012 mmol) of
5,10,15-Tris[3,4-(1,4-dioxan)phenyl]corrolato-antimony(Ill), 2, and 10 mg (0.048
mmol) of PhIO were added to a 10 mL of CH2Clz solution. The solution was then stirred
well at RT till the starting corrolato-antimony(IIl) completely disappeared. The residue

was then purified by chromatography on neutral alumina using CH3CN—CH2Cl> mixture

(1:20) as eluent. The blueish-green fraction containing (corrolato)(oxo)antimony(V) was
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further purified by recrystallization from dichloromethane/hexane mixture to give 7 mg

of pure 4. Average Rt values (pure CH2Clz / neutral aluminium oxide plates): 0.41.
For (5,10,15-Tris[3,4-(1,4-dioxan)phenyl]corrolato)(oxo)antimony(V), 4:

Yield 7 mg, (70%). Anal. Calcd (found) for C43H29N4O7Sb (4): C, 61.82 (61.73);
H, 3.50 (3.38;); N, 6.71 (6.83). UV-Vis (dichloromethane) Amax/nm (e/M'cm™):
413(140000), 534(12700), 576(16900), 615(36100). 'H NMR (400 MHz, Chloroform-
d)69.38 (d,J=4.1 Hz, 2H), 9.24 (d, /= 4.7 Hz, 2H), 9.08 (d, J = 4.1 Hz, 2H), 8.98 (d,
J=4.7 Hz, 2H), 8.05 — 7.64 (m, 6H), 7.37— 7.28 (m, 3H), 4.58— 4.47 (m, 12H) (Figure
3.19). 13C NMR (101 MHz, CDCl3) & 144.12, 143.30, 142.90, 140.98, 139.11, 138.89,
137.60, 136.34, 135.07, 134.15, 133.13, 130.36, 129.75, 128.16, 127.58, 126.54, 125.70,
124.06, 123.85, 121.67, 118.60, 117.45, 116.28, 115.58, 114.72, 109.11, 108.32, 64.90,
64.83, 64.78, 64.71, 64.27 (Figure 3.20). The electrospray mass spectrum of 4 in
acetonitrile (Fig. S4) shows peaks centered at m/z = 835.2117 corresponding to [4+H]"

(calculated molecular mass: 835.107) (Figure 3.21). 4 displayed weak emission at 647

nm and a shoulder at 711 nm in CH2Cl2 (Excited at the Soret band).
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Figure 3.19 'H NMR spectrum of 4 in CDCls.
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Figure 3.20 '3C NMR spectrum of 4 in CDCls.
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Figure 3.21 ESI- MS spectrum of 4 in CH3CN shows the measured spectrum with

isotopic distribution pattern.
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4.1 Introduction

Porphyrin, a natural pigment, is present in a large number of metalloenzymes,
like, heme,! chlorophyll,? bacteriochlorophyll,® siroheme,* heme d1,> and factor Fazo.5
Synthetic porphyrinoids and their metallated versions have diverse applications in
various areas like oxidation of organic molecules (as catalysts),” & water splitting
reactions (as catalysts),>!° as possible components in molecular electronics,! as the dye
in dye-sensitized solar cells,*? in supramolecular chemistry,®** and also in
photodynamic therapy (PDT).?>1® Thus, a great deal of research interest is involved in
the synthesis of artificial porphyrin.t’-28 Although numerous synthetic procedures are
developed, a careful observation tells us that the choice of reagents and reaction solvents
is somewhat limited.?®>3* The major obstacle involved in the traditional synthetic
pathways is that they are most successful in the small (milligram) scale synthesis of
porphyrin.33* An earlier version of porphyrin synthesis by Rothemund et al. describes
the synthesis of porphyrin via the reaction of pyrrole and aldehyde in pyridine in a sealed
tube at 220°C.3! However, the reaction yield was as low as 5% in the case of meso-
tetraphenylporphyrin.3 Two synthetic methods are nowadays commonly used in
porphyrin synthesis.>*** The Adler-Longo process is a one-step methodology using
acetic or propionic acid as a solvent in aerobic conditions at around 141°C, which results
in the formation of the desired porphyrin in 10-30% yield.*? The formation of the tar-like
product makes the purification process difficult in many cases. Lindsey’s one flask two-
step methodology was very successful in the synthesis of a large number of porphyrin
derivatives (10-60% yield).33** One of the major drawbacks of this synthesis is that it
normally requires a large amount of chlorinated organic solvents, as pyrrole and aldehyde
need to be maintained in very low concentration (~10 mM) and thus essentially hinders

its industrial-scale applications.®*-** In addition to that, in the second step, an expensive
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oxidizer such as DDQ { DDQ=2,3-dichloro-5,6-dicyanobenzoquinone} was necessary.
That eventually makes this synthetic methodology more costly. From the above
discussion, it is clear that an industrial-scale cheap synthesis of porphyrin will have
tremendous potential and will eventually make these molecules more relevant for various
commercial applications. In Adler- Longo methodology, pyrrole and benzaldehyde were
refluxed in propionic acid and resulted in the formation of tetraphenylporphyrin.3 Thus,
a direct condensation of pyrrole and benzaldehyde occurs; however, a problem is
associated with the generation of different undesired aldehyde-pyrrole oligocondensates.
Thus, it lowers the reaction yield and makes the purification of porphyrin quite difficult.
Gryko et al. have described the synthesis of tetrapyrrane in high yield in an H.0-CHsOH
mixture catalyzed by HCI. ® They have further used this tetrapyrrane as a direct precursor
of corrole synthesis. Herein, we have observed that this tetrapyrrane can be an important
intermediate for porphyrin synthesis and will eventually cut down the possibility of the
formation of different undesired aldehyde-pyrrole oligocondensates. Thus it will be
easier to get the desired porphyrin in high yield without any difficulty in the purification

step.

Herein, we have demonstrated a new synthetic protocol for the simplified
synthesis of a series of meso—substituted symmetric As—porphyrins and trans—A:zB:-
porphyrins in mild conditions (Scheme 4.1). The first step is the facile condensation of
pyrrole and aldehyde in a water-methanol solvent mixture using HCI as the catalyst at
RT {RT=room temperature}. After this reaction, the precipitate was filtered out and was
dissolved in reagent grade or ACS grade DMF {DMF= Dimethylformamide}, and
refluxed in the air for 1-2 hours. After cooling, it was stirred overnight in the air at RT,
dried in a vacuum, and purified using column chromatography. The yield of the obtained

porphyrins is mostly satisfactory (10-40 %). In a few cases, it is possible to get pure
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porphyrin via a simple crystalization technique, and thus one can also get rid of column

chromatography.

¥ (i) H,0, CH,0H, HCI

(ii) DMF, reflux 1.5 h, Air
HO 10 - 40 %

Scheme 4.1  Synthetic application of meso—substituted symmetric As—porphyrins and

trans—AzB2-porphyrins.
4.2  Results and Discussion
4.2.1 As—porphyrins. Optimization Study

The acid-catalyzed condensation reaction of pyrrole and aldehyde in the
HCI/H20/MeOH system and the formation of different oligocondensates are already
reported in the literature. 3 A slight modification of the earlier optimized protocol was
used here. Following the previous synthetic approach, we have performed the synthesis
of tetrapyrrane. For a representative example, 2.0 mmol of aldehyde and 2.0 mmol of
pyrrole were added to a 100 ml MeOH and 50 ml water mixture, followed by 10 ml of
HCI. The reaction mixture was stirred at RT for 2 hours. The resulting mixture was
filtered, and the precipitate was collected for the succeeding reaction. It is worthwhile to
mention here that the resulting pink color oligocondensates contain a mixture of
tetrapyrrane, unreacted aldehyde, and some residual HCI. Gryko et al. have extracted this
mixture in CHCIs, washed it several times with water, and dried it over Na2SOa. After

further dilution in CHCls, it was oxidized with p-chloranil. This process is now
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considered the best protocol for the synthesis of corrole macrocycle.®*® While
synthesizing As-corroles, Gryko et al. have always observed As—porphyrins as a side
product with an average yield of 1-3%. It was suggested that the bilane (tetrapyrrane)
scrambling is responsible for this side reaction. This observation indeed promoted us to
investigate further the reactivities of tetrapyrrane. Hypothetically, tetrapyrrane can be
converted into a porphyrinogen derivative via simple condensation with one aldehyde
moiety. A porphyrinogen derivative is considered a direct precursor for porphyrin
synthesis. Keeping all these things in mind, we have tried to apply the Adler- Longo
methodology here. Thus, we took the crude product directly obtained from
HCI/H20/MeOH system, the pink color oligocondensates (tetrapyrrane), and refluxed it
with propionic acid. However, this reaction is unsuccessful due to the poor solubility of
tetrapyrrane in propionic acid. The resulting mixture is very difficult to purify via column
chromatography. We have recrystallized it a couple of times but were unable to get any
convincing result to proceed further. Our main aim was to replicate the Adler-Longo
methodology. Thus we were looking for an oxidation protocol devoid of quinone type
oxidants like DDQ or p-chloranil. Thus we have tried a series of other solvents,
specifically alcohols, like CH3OH, 1-butanol, etc. (Table 4.1). To our utter surprise, we
have observed a definitive formation of porphyrin via TLC {TLC = thin layer
chromatography}. It is indeed possible to separate the generated porphyrin via column
chromatography without much difficulty. However, the obtained yield was not
satisfactory. While using p-anisaldehyde as aldehyde, the obtained yield of 5,10,15,20-

tetrakis(4-methoxyphenyl)porphyrin was 4% in CH3sOH and 7% and 1-butanol.

The change of reflux time has not any significant effect on the yield of the
porphyrin. Prolonged reflux eventually decreases the reaction yield further. Using basic

solvents like EtsN also does not improve the situation further.
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Table 4.1 Optimization of reaction conditions for the conversion of tetrapyrrane into

porphyrin &,
Entry Solvent The yield of
Porphyrin? (%)
1 DMF 29
2 CHsCN 5
3 CHs0OH 4
4 EtsN 1-2
5 CsH9INO 14
6 1-Butanol 7
7 DCM 10
8 Toluene 13
9 Propionic acid 0P

a5,10,15,20-Tetrakis(4-methoxyphenyl)porphyrin, 2. btetrapyrrane is mostly insoluble in

propionic acid.

Although, porphyrin was formed, however, the isolated yield was as low as 1-
2%. While using other solvents like dichloromethane, acetonitrile, and toluene, the yield
of the porphyrin was also not satisfactory. The obtained yield for the aforementioned
solvents were 10%, 5%, and 13%, respectively. But when DMF was used as a solvent
under the same reaction condition, our preliminary observation is that the porphyrin was
formed at a reasonable yield. In this context, we have tried to change the solvent from
propionic acid to DMF in the Adler-Longo methodology; however, the reaction remains
unsuccessful. The reaction condition in DMF was further optimized by varying the

reaction time (Table 4.2). The initial progress of the reaction was monitored by TLC.
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The following experiment was carried out by using 5,10,15,20-tetraphenylporphyrin
synthesis as a representative example. When the tetrapyrrane was refluxed in DMF for
0.5 hr, the desired product was formed in moderate yield. When the reaction was further
continued for 0.5 hr, there was a slight increase in the yield of the desired porphyrin. The
yield of the porphyrin further slightly increased by continuing the reaction for another
0.5 hr. When the reaction was further continued for 0.5 hr, the yield of the desired
porphyrin gradually decreases. But in a similar condition, when the reaction was stirred
at room temperature for 1.5 hours in DMF solvent, the desired porphyrin was formed in
much lesser quantities. Thus it was observed from the model studies, using 5,10,15,20-
tetraphenylporphyrin as a representative example, when the tetrapyrrane was refluxed in

DMF for 1.5 hrs, the desired porphyrin was formed in satisfactory yield.

Table 4.2 Optimization of reaction conditions for the conversion of tetrapyrrane into

porphyrin &,
Entry Temperature Time The yield of
(h) Porphyrin? (%)
1 RT 1.5 7
2 Reflux 0.5 11
3 Reflux 1 16
4 Reflux 1.5 21
5 Reflux 2 17

25,10,15,20-tetraphenylporphyrin, 1.

However, it was further observed that the reaction yield is significantly increased
by stirring the same reaction mixture overnight at room temperature. Thus, we can

conclude that the optimum yield can be obtained by refluxing the reaction mixture in
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DMF for 1.5 hours, followed by stirring the mixture overnight at RT in air. Overall, we
have observed that the reaction yield for 5,10,15,20-tetraphenylporphyrin synthesis is
21%. As NMP {NMP=N-methyl-2-pyrrolidone} has similar properties to DMF, thus the
reaction was also performed in NMP as the reaction solvent. In the case of NMP solvent,
in similar reaction conditions, the obtained yield for the desired product was 14%. The
optimization study was further carried out by varying the solvent from pure DMF to a

DMF-water mixed solvent system (Table 4.3).

Table 4.3 Optimization of reaction conditions for the conversion of tetrapyrrane into

porphyrin &,
Entry Solvent Yield of Porphyrin? (%)
1 DMF (dry) 21
2 DMF (HPLC) 21
3 DMF (reagent grade) 21
4 DMF: H20 (4:1) 15
5 DMF: H20 (1:1) 10
6 DMF: H20 (1:4) 6

25,10,15,20-tetraphenylporphyrin, 1.

There was no significant change in the yield of the desired porphyrin by varying
the quality of the solvent. By changing the solvent from dry DMF to HPLC grade DMF
to reagent grade DMF, the same reaction was performed by following the similar
optimized reaction condition, and it was observed that the yield of the porphyrin
remained unchanged. Thus, it can be concluded that the yield of the porphyrin is not

dependent on the purity of the DMF solvent. So the reaction can be easily carried out in
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DMF-water mixed solvent system also. The reaction was performed in varying
concentrations of reagent grade DMF with distilled water to further optimize the reaction
conditions. For a representative example, 5,10,15,20-tetraphenylporphyrin, when 20%
distilled water was added to 80% reagent grade DMF, the desired porphyrin was formed
in a moderate yield. Further diluting the reagent grade DMF with distilled water (1:1),
the desired porphyrin was formed but not in satisfactory yield. When reagent grade DMF
was further diluted with distilled water (1:4), the yield of the desired porphyrin further

decreased.

Aldehydes with varying electronic nature have been tested to synthesize a series
of As—porphyrins; however, it does not change much to the reaction yields. Moderate to
good vyields of As—porphyrins are obtained regardless of the electronic nature of the

aldehydes (Table 4.4).

Table 4.4  Scope of the synthesis of meso—substituted symmetric As—porphyrins

¥, (i) H,0, CH;0H, HCI

WEA P >

(ii) DMF, reflux 1.5 h, Air
10-30 %
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Entry Pyrrole Porphyrin Code  Yield
(%)
1 ) 1 21
H
2 B 2 29
i
3 ®) 3 28
H
4 /B 4 20
O
5 ) 5 20
H
B} 6 20
N
H
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Entry Pyrrole Porphyrin Code  Yield

(%)
7 73 7 17
N
H
8 ) 8 12
ht
9 B 9 12
ht
10 B 10 9
it
11 8 11 7
H
12 8 12 4
N
H
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Entry Pyrrole Porphyrin Code  Yield
(%)
13 /) 13 12
H
14 B 14 16
H
15 ) 15 10
O
16 ) 16 17
H
17 /B 17 0
N
H
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Entry Pyrrole Porphyrin Code  Yield
(%)
18 /) 18 0
H
19 B 19 0
H
20 B 20 0
N
H

To prove the scalability of the process, a large-scale synthesis of As—porphyrins
was attempted. For a representative example, 10.0 mmol of aldehyde and 10.0 mmol of
pyrrole were added to a 500 ml MeOH and 250 ml water mixture, followed by 20 ml of
HCI. The reaction mixture was stirred at RT for 2 hours. The resulting mixture was
filtered, and the precipitate was collected. The precipitate was further dissolved in 100
mL of reagent grade DMF and was refluxed for 1.5 hours. After cooling, the reaction
mixture was transferred to the beaker and stirred overnight in the air. Finally, the crude
product was purified by column chromatography through silica gel. These scale-up

processes furnish similar yields to the small-scale synthesis.

For example, in the case of 5,10,15,20-tetraphenylporphyrin, we have obtained

261 mg (17%) of pure porphyrin, and for 5,10,15,20-tetrakis(4-methoxyphenyl)
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porphyrin, we have obtained 441 mg (24 %) of pure porphyrin in gram-scale synthesis.
No scrambling was detected via TLC and ESI-MS spectra of the crude reaction mixture.
Although tetrapyrrane is a direct precursor for corrole synthesis, we have not obtained

any As—corroles in the reaction mixture in the present case.
4.2.2 Trans—A:Bz-porphyrins. Optimization Study

Trans—AzB2—porphyrins are generally synthesized by following the MacDonald-
Type [2+2] condensation reaction.®® The limitation of this methodology is the formation
of a mixture of different porphyrins often rather than the desired porphyrin, which makes
the purification process more difficult. Trans—A2B2—porphyrins were synthesized by
following the present optimized synthetic methodology. In this present methodology, the
purification of the desired porphyrin is rather convenient. For the synthesis of various
trans—A2B2—porphyrins, dipyrromethanes were used instead of pyrrole (Table 4.5).
Dipyrromethanes are usually synthesized by reacting an aldehyde with pyrrole in the
presence of trifluoroacetic acid. In a typical procedure, 1.0 mmol of aldehyde and 1.0
mmol of dipyrromethane were added to a 100 ml MeOH and 50 ml water mixture,
followed by 10 ml of HCI. The reaction mixture was stirred at RT for 2 hours. The
resulting mixture was filtered, and the precipitate was collected for the succeeding
reaction. The precipitate was further dissolved in a minimum quantity of reagent grade
DMF and was refluxed for 1.5 hours. After cooling, the reaction mixture was transferred
to the beaker and stirred overnight in the air. Finally, the crude product was purified by
column chromatography through silica gel in some cases. And for the rest of the cases,
the desired porphyrin precipitated out from the solution. The crystals of the desired
porphyrin can be easily collected by filtration and purified by washing the precipitate
with MeOH. Dipyrromethanes with varying electron-withdrawing and electron releasing

groups were tested for the synthesis of a series of trans—A2B2—porphyrins; however, no
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clear-cut electronic effect was observed. Moderate to good vyields of
trans—A2B2—porphyrins are obtained regardless of the electronic structure of the
dipyrromethanes. No scrambling was detected via TLC and ESI-MS spectra of the crude
reaction mixture. The mechanism of the reaction can be assigned based on the Adler-
Longo methodology of porphyrin synthesis. The tetrapyrrane derivative and the
unreacted aldehyde, and some residual HCI obtained from the first step is possibly
converted into a porphyrinogen derivative in DMF solvent and is further oxidized by

aerial Oz and generate the desired porphyrin.

Table 4.5 Scope of the synthesis of meso—substituted trans—A:B2-porphyrins

HO 10-40 %
Entry DPM Aldehyde trans—A:B.- Code Yield(%0)
porphyrins

21 40

OZN—O—CHO
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Entry DPM Aldehyde trans—A:B.- Code Yield(%0)
porphyrins
N

2 OZN—Q—CHO > 22 31
3 23 30
4 24 23
5 25 19
6 26 17
7 27 13
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Entry DPM Aldehyde trans—A:B.- Code Yield(%0)
porphyrins
8 _@_ e 28 13
MeO CHO

9 29 11

10 30 9

11 31 9

12 32 5

4.3  Analysis of the reaction mechanism
Based on these observations, we can postulate the probable mechanism for the

porphyrin synthesis (Figure 4.1). The first step involves a simple condensation reaction
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between pyrrole/ dipyrromethane with a suitable aldehyde in a water-methanol mixture
via HCI catalysis and the generation of the corresponding tetrapyrranes. The earlier
researchers have well documented this step.® In the subsequent step, a coupling of
tetrapyrranes with the suitable aldehyde is imminent and aerobic oxidation is responsible

for the generation of corresponding porphyrin derivatives.®?

+
dipyrromethane

aldehyde

Figure 4.1 Proposed mechanism.
44  Conclusions

Synthesis of symmetric As-porphyrins from aromatic aldehydes possessing a
variety of substituents having the highest yield of 29%, and the [2+2] synthesis of trans-
AzB2-porphyrins from dipyrromethanes bearing different substituents having the highest
yield of 40% were reported herein. The first step involves the HCI catalyzed
condensation reaction of pyrrole and aldehyde in an H20-MeOH mixture. In the
subsequent step, the obtained precipitate was dissolved in reagent grade DMF, refluxed

(1-2 h), stirred overnight in the air at RT, and followed by purification via column
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chromatography/crystallization, which resulted in the formation of pure porphyrins. The
conditions described in this paper provide the easiest and cheapest synthesis of porphyrin
on a large scale for getting a reproducible yield of 10-40% having high purity. The
synthesis of trans-AzBz-porphyrins from dipyrromethanes is also scrambling free.
Advantageously, this methodology does not need any expensive traditional oxidizers like
DDQ, chloranil, etc. This reaction also does not need a large volume of dry chlorinated
solvents. The present synthetic approach thus can open up an avenue for the synthesis of
a wide range of symmetric-A4 and trans-A2B2 —porphyrins on a large scale, which will
further widen the practical applications of these important classes of molecules. In
essence, the present methodology does not represent the synthesis having the highest
yield in the literature; however, it does represent the easiest and cheapest synthesis of

porphyrin on a large scale for getting a reproducible yield of 10-40% having high purity.
45  Experimental Section
45.1 Materials

The precursor’s pyrrole and aldehydes were purchased from Aldrich, USA. DMF
was purchased from Merck Pvt. Itd chemicals. Other chemicals were of reagent grade.
Hexane, CH2Cl2, CH3sCN were distilled from KOH and CaH2 respectively. For
spectroscopy studies, HPLC-grade solvents were used. 5-phenyldipyrromethane, 5-(4-
methoxyphenyl)dipyrromethane, 5-(4-bromophenyl) dipyrromethane, and 5-(4-

cyanophenyl)dipyrromethane were prepared by following an earlier literature report.
4.5.2 Physical Measurements

The elemental analyses were carried out with a Euro EA elemental analyzer.
UV-Vis spectral studies were performed on a Perkin—-Elmer LAMBDA-750

spectrophotometer. Emission spectral studies were performed on a Perkin Elmer, LS 55
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spectrophotometer using an optical cell of 1 cm path length. The NMR measurements
were carried out using a Bruker 400 MHz NMR spectrometer. Chemical shifts are
expressed in parts per million (ppm) relative to residual solvents. Electrospray mass

spectra were recorded on a Bruker Micro TOF—QII mass spectrometer.
4.5.3 Syntheses
Synthesis of 5,10,15,20-Tetraphenylporphyrin, 1

204 pl (2 mmol) of benzaldehyde and 140 pl (2 mmol) of pyrrole were added in a 100
ml MeOH and 50 ml water (2:1) mixture, followed by the addition of 10 ml HCI. The
reaction mixture was stirred at RT for 2 hours. The reaction mixture was filtered with
Whatman filter paper, and the precipitate was dissolved in 15 ml of DMF solution and
was refluxed for another 1.5 hours. This solution was finally transferred to a beaker and
was stirred overnight. Then the solution was evaporated to dryness. The crude product
was purified using column chromatography through silica gel (100-200 mesh) or purified

via crystallization.
For 5,10,15,20-Tetraphenylporphyrin, 1

Yield: 21% (61 mg). Anal. Calcd (found) for Cs4H30Na4 (1): C, 85.97 (85.88); H,
4.92 (4.83); N, 9.11 (9.17). *H NMR (400 MHz, Chloroform-d) & 8.85 (s, 8H), 8.25 —
8.19 (m, 8H), 7.79 — 7.72 (m, 12H), -2.78 (s, 2H) (Figure 4.2). Other analytical data are

consistent with the previously reported authentic compounds. '
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Figure 4.2'H NMR spectrum of 5,10,15,20-Tetraphenylporphyrin, 1 in CDCls,

Grame-scale synthesis of 5,10,15,20-Tetraphenylporphyrin, 1

1.02 ml (10 mmol) of benzaldehyde and 694 ul (10 mmol) of pyrrole were added
in a 500 ml MeOH and 250 ml water (2:1) mixture, followed by the addition of 20 ml
HCI. The reaction mixture was stirred at RT for 2 hours. The reaction mixture was filtered
with Whatman filter paper, and the precipitate was dissolved in 100 ml of DMF solution.
This DMF solution was refluxed for another 1.5 hours. This solution was finally
transferred to a beaker and was stirred overnight. Then the solution was evaporated to
dryness. The crude product was purified by using column chromatography through silica

gel (100-200 mesh), or it can be purified via crystallization also. Yield: 17% (261 mg).
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Synthesis of 5,10,15,20-Tetrakis(4-methoxyphenyl)porphyrin, 2

243 pl (2 mmol) of 4-methoxybenzaldehyde and 140 pl (2 mmol) of pyrrole were
added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by the addition of 10
ml HCI. The reaction mixture was stirred at RT for 2 hours. The reaction mixture was
filtered with Whatman filter paper, and the precipitate was dissolved in 15 ml of DMF
solution. This DMF solution was refluxed for another 1.5 hours. This solution was finally
transferred to a beaker and was stirred overnight. Then the solution was evaporated to
dryness. The crude product was purified using column chromatography through silica

gel (100-200 mesh) or purified via crystallization.
For 5,10,15,20-Tetrakis(4-methoxyphenyl)porphyrin, 2

Yield: 29 % (105 mg). Anal. Calcd (found) for CasH3sN4O4 (2): C, 78.45 (78.55);
H, 5.21 (5.32); N, 7.62 (7.77).*H NMR (400 MHz, Chloroform-d) & 8.86 (s, 8H), 8.13 (d,
J=28.0Hz, 8H), 7.29 (d, J = 8.0 Hz, 8H), 4.10 (s, 12H), -2.75 (s, 2H) (Figure 4.3). Other

analytical data are consistent with the previously reported authentic compounds. ¥
Grame-scale synthesis of 5,10,15,20-Tetrakis(4-methoxyphenyl)porphyrin, 2

1.2 ml (10 mmol) of 4-methoxybenzaldehyde and 694 upl (10 mmol)
of pyrrole were added to a 500 ml MeOH and 250 ml water (2:1) mixture, followed by
the addition of 20 ml HCI. The reaction mixture was stirred at RT for 2 hours. The
reaction mixture was filtered with Whatman filter paper, and the precipitate was
dissolved in 100 ml of DMF solution. This DMF solution was refluxed for another 1.5
hours. This solution was finally transferred to a beaker and was stirred overnight. Then
the solution was evaporated to dryness. The crude product was purified using column
chromatography through silica gel (100-200 mesh) or purified via crystallization. Yield:

24% (441 mg).
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Figure 4.3  H NMR spectrum of 5,10,15,20-Tetrakis(4-methoxyphenyl)porphyrin, 2

in CDCls.

Synthesis of 5,10,15,20-Tetrakis(4-nitrophenyl)porphyrin, 3

302 mg (2 mmol) of 4-nitrobenzaldehyde and 140 pl (2 mmol) of pyrrole were
added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by the addition of 10
ml HCI. The reaction mixture was stirred at RT for 2 hours. The reaction mixture was
filtered with Whatman filter paper, and the precipitate was dissolved in 15 ml of DMF
solution. This DMF solution was refluxed for another 1.5 hours. This solution was finally
transferred to a beaker and was stirred overnight. Then the solution was evaporated to
dryness. The crude product was purified using column chromatography through silica

gel (100-200 mesh) or purified via crystallization.

138



For 5,10,15,20-Tetrakis(4-nitrophenyl)porphyrin, 3

Yield: 28% (109 mg). Anal. Calcd (found) for CasH26NsOs (3): C, 66.50 (66.62);
H, 3.30 (3.39); N, 14.10 (14.01). *H NMR (400 MHz, Chloroform-d) & 8.82 (m, 8H),
8.68 (m, 8H), 8.40 (m, 8H), -2.82 (s, 2H) (Figure 4.4). m/z: [3+H]" Calcd for C44H27NsOs
795.1946; Found 795.1983 (Figure 4.5). Other analytical data are consistent with the

previously reported authentic compounds.3®
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Figure 4.4  H NMR spectrum of 5,10,15,20-Tetrakis(4-nitrophenyl)porphyrin, 3 in

CDCls.
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Figure 45  ESI-MS spectrum of 5,10,15,20-Tetrakis(4-nitrophenyl)porphyrin, 3 in

CHsCN shows the measured spectrum with isotopic distribution pattern.

Synthesis of 5,10,15,20-Tetrakis(4-chlorophenyl)porphyrin, 4

281 mg (2 mmol) of 4-chlorobenzaldehyde and 140 pl (2 mmol) of pyrrole were
added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by the addition of 10
ml HCI. The reaction mixture was stirred at RT for 2 hours. The reaction mixture was
filtered with Whatman filter paper, and the precipitate was dissolved in 15 ml of DMF
solution. This DMF solution was refluxed for another 1.5 hours. This solution was finally
transferred to a beaker and was stirred overnight. Then the solution was evaporated to
dryness. The crude product was purified by using column chromatography through silica

gel (100-200 mesh).
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For 5,10,15,20-Tetrakis(4-chlorophenyl)porphyrin, 4
Yield: 20% (76 mg). Anal. Calcd (found) for C44H26Cl4N4 (4): C, 70.23 (70.13);

H, 3.48 (3.38); N, 7.45 (7.58). 'H NMR (400 MHz, Chloroform-d) § 8.84 (s, 8H), 8.16 —
8.12 (d, 8H), 7.78 — 7.72 (d, 8H), -2.85 (s, 2H) (Figure 4.6). Other analytical data are

consistent with the previously reported authentic compounds.®
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Figure 46  'H NMR spectrum of 5,10,15,20-Tetrakis(4-chlorophenyl)porphyrin, 4 in
CDCls.
Synthesis of 5,10,15,20-Tetrakis(4-methylphenyl)porphyrin, 5
236 pl (2 mmol) of p-tolualdehyde and 140 pl (2 mmol) of pyrrole were added in
a 100 ml MeOH and 50 ml water (2:1) mixture, followed by the addition of 10 ml HCI.

The reaction mixture was stirred at RT for 2 hours. The reaction mixture was filtered
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with Whatman filter paper, and the precipitate was dissolved in 15 ml of DMF solution.
This DMF solution was refluxed for another 1.5 hours. This solution was finally
transferred to a beaker and was stirred overnight. Then the solution was evaporated to
dryness. The crude product was purified using column chromatography through silica
gel (100-200 mesh) or purified via crystallization.
For 5,10,15,20-Tetrakis(4-methylphenyl)porphyrin, 5

Yield: 20% (66 mg). Anal. Calcd (found) for CssHssNa (5): C, 85.94 (85.85); H,
5.71 (5.62); N, 8.35 (8.47). 'H NMR (400 MHz, Chloroform-d) & 8.85 (s, 8H), 8.12 —
8.08 (m, 8H), 7.55 (d, J = 7.7 Hz, 8H), 2.71 (s, 12H), -2.77 (s, 2H) (Figure 4.7). Other

analytical data are consistent with the previously reported authentic compounds.®
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Figure 4.7  'H NMR spectrum of 5,10,15,20-Tetrakis(4-methylphenyl)porphyrin, 5

in CDCls.
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Synthesis of 5,10,15,20-Tetrakis(2,4,6-trimethylphenyl)porphyrin, 6

296 mg (2 mmol) of 2,4,6-trimethylbenzaldehyde and 140 pl (2 mmol) of
pyrrole were added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by the
addition of 10 ml HCI. The reaction mixture was stirred at RT for 2 hours. The reaction
mixture was filtered with Whatman filter paper, and the precipitate was dissolved in 15
ml of DMF solution. This DMF solution was refluxed for another 1.5 hours. This solution
was finally transferred to a beaker and was stirred overnight. Then the solution was
evaporated to dryness. The crude product was purified by using column chromatography

through silica gel (100-200 mesh).

For 5,10,15,20-Tetrakis(2,4,6-trimethylphenyl)porphyrin, 6

Yield: 20% (78 mg). Anal. Calcd (found) for CssHssN4 (6): C, 85.89 (85.78); H,
6.95 (6.87); N, 7.15 (7.27). *H NMR (400 MHz, Chloroform-d) & 8.62 (s, 8H), 7.26 (s,
8H), 2.62 (s, 12H), 1.85 (s, 24H), -2.50 (s, 2H) (Figure 4.8). Other analytical data are

consistent with the previously reported authentic compounds.*°
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Figure 48 'H NMR spectrum of 5,10,15,20-Tetrakis(2,4,6-trimethylphenyl)
porphyrin, 6 in CDCls.
Synthesis of 5,10,15,20-Tetrakis(4-ethylphenyl)porphyrin, 7
268 pl (2 mmol) of 4-ethylbenzaldehye and 140 ul (2 mmol) of pyrrole were
added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by the addition of 10
ml HCI. The reaction mixture was stirred at RT for 2 hours. The reaction mixture was
filtered with Whatman filter paper, and the precipitate was dissolved in 15 ml of DMF
solution. This DMF solution was refluxed for another 1.5 hours. This solution was finally
transferred to a beaker and was stirred overnight. Then the solution was evaporated to
dryness. The crude product was purified using column chromatography through silica

gel (100-200 mesh) or purified via crystallization.
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For 5,10,15,20-Tetrakis(4-ethylphenyl)porphyrin, 7

Yield: 17% (60 mg). Anal. Calcd (found) for Cs2HasN4 (7): C, 85.91 (85.98); H,
6.38 (6.33); N, 7.71 (7.62). 'H NMR (400 MHz, Chloroform-d) & 8.88 (s, 8H), 8.18 —
8.10 (d, J = 7.9 Hz, 8H), 7.58 (d, J = 7.9 Hz, 8H), 3.02 (q, J = 7.6 Hz, 8H), 1.55 — 1.51
(m, 12H), -2.73 (s, 2H) (Figure 4.9). Other analytical data are consistent with the

previously reported authentic compounds.**
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Figure 49  'H NMR spectrum of 5,10,15,20-Tetrakis-(4-ethylphenyl)porphyrin, 7 in
CDCls.
Synthesis of 5,10,15,20-Tetrakis(4-cyanophenyl)porphyrin, 8
262 mg (2 mmol) of 4-cyanobenzaldehyde and 140 pl (2 mmol) of pyrrole were
added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by the addition of 10

ml HCI. The reaction mixture was stirred at RT for 2 hours. The reaction mixture was
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filtered with Whatman filter paper, and the precipitate was dissolved in 15 ml of DMF
solution. This DMF solution was refluxed for another 1.5 hours. This solution was finally
transferred to a beaker and was stirred overnight. Then the solution was evaporated to
dryness. The crude product was purified by using column chromatography through silica
gel (100-200 mesh).
For 5,10,15,20-Tetrakis(4-cyanophenyl)porphyrin, 8

Yield: 12% (44 mg). Anal. Calcd (found) for CssH26Ns (5): C, 80.66 (80.50); H,
3.67 (3.53); N, 15.68 (15.77). 'H NMR (400 MHz, Chloroform-d) & 8.80 (s, 8H), 8.33
(d,J=7.8Hz, 8H), 8.10 (d, J = 7.9 Hz, 8H), -2.88 (s, 2H) (Figure 4.10). Other analytical

data are consistent with the previously reported authentic compounds.®
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Figure 410 'H NMR spectrum of 5,10,15,20-Tetrakis(4-cyanophenyl)porphyrin, 8 in

CDCls.
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Synthesis of 5,10,15,20-Tetrakis(4-iodophenyl)porphyrin, 9

464 mg (2 mmol) of 4-iodobenzaldehyde and 140 pl (2 mmol) of pyrrole were added
in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by the addition of 10 ml HCI.
The reaction mixture was stirred at RT for 2 hours. The reaction mixture was filtered with
Whatman filter paper, and the precipitate was dissolved in 15 ml of DMF solution. This DMF
solution was refluxed for another 1.5 hours. This solution was finally transferred to a beaker
and was stirred overnight. Then the solution was evaporated to dryness. The crude product

was purified by using column chromatography through silica gel (100-200 mesh).
For 5,10,15,20-Tetrakis(4-iodophenyl)porphyrin, 9

Yield: 12% (63 mg). Anal. Calcd (found) for CasaH2614N4 (9): C, 47.26 (47.39); H,
2.34(2.43); N, 5.01 (5.17). *H NMR (400 MHz, Chloroform-d) & 8.84 (s, 8H), 8.11 (d, J
=8.0 Hz, 8H), 7.93 (d, J = 8.0 Hz, 8H), -2.88 (s, 2H) (Figure 4.11). Other analytical data

are consistent with the previously reported authentic compounds.*2
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Figure 411 'H NMR spectrum of 5,10,15,20-Tetrakis(4-iodophenyl)porphyrin, 9 in
CDCla.
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Synthesis of 5,10,15,20-Tetrakis(4-bromophenyl)porphyrin, 10

370 mg (2 mmol) of 4-bromobenzaldehyde and 140 pl (2 mmol) of pyrrole were
added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by the addition of 10
ml HCI. The reaction mixture was stirred at RT for 2 hours. The reaction mixture was
filtered with Whatman filter paper, and the precipitate was dissolved in 15 ml of DMF
solution. This DMF solution was refluxed for another 1.5 hours. This solution was finally
transferred to a beaker and was stirred overnight. Then the solution was evaporated to
dryness. The crude product was purified by using column chromatography through silica
gel (100-200 mesh).
For 5,10,15,20-Tetrakis(4-bromophenyl)porphyrin, 10

Yield: 9% (40 mg). Anal. Calcd (found) for C44H26BraN4 (10): C, 56.81 (56.95);
H, 2.82 (2.93); N, 6.02 (6.17). 'H NMR (400 MHz, Chloroform-d) & 8.84 (s, 8H), 8.07
(d, J =8.1 Hz, 8H), 7.90 (dd, J = 8.2, 1.4 Hz, 8H), -2.87 (s, 2H) (Figure 4.12). Other

analytical data are consistent with the previously reported authentic compounds.*?
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Synthesis of 5,10,15,20-Tetrakis(3-bromophenyl)porphyrin, 11

233 ul (2 mmol) of 3-bromobenzaldehyde and 140 pl (2 mmol) of pyrrole were
added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by the addition of 10
ml HCI. The reaction mixture was stirred at RT for 2 hours. The reaction mixture was
filtered with Whatman filter paper, and the precipitate was dissolved in 15 ml of DMF
solution. This DMF solution was refluxed for another 1.5 hours. This solution was finally
transferred to a beaker and was stirred overnight. Then the solution was evaporated to
dryness. The crude product was purified by using column chromatography through silica

gel (100-200 mesh).
For 5,10,15,20-Tetrakis(3-bromophenyl)porphyrin, 11

Yield: 7% (30 mg). Anal. Calcd (found) for C44H26BraN4 (11): C, 56.81 (56.70);
H, 2.82 (2.73); N, 6.02 (6.14). 'H NMR (400 MHz, Chloroform-d) & 8.86 (s, 8H), 8.38
(s, 4H), 8.15 (d, J = 7.5 Hz, 4H), 7.95 (d, J = 8.1 Hz, 4H), 7.64 (t, J = 7.9 Hz, 4H), -2.89
(s, 2H) (Figure 4.13). Other analytical data are consistent with the previously reported

authentic compounds.**
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Figure 4.13 'H NMR spectrum of 5,10,15,20-Tetrakis(3-bromophenyl)porphyrin, 11 in
CDCls.

Synthesis of 5,10,15,20-(Tetra-4-trifluoromethylphenyl)porphyrin, 12

273 pl (2 mmol) of 4-(trifluoromethyl)benzaldehyde and 140 pl (2 mmol) of
pyrrole were added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by the
addition of 10 ml HCI. The reaction mixture was stirred at RT for 2 hours. The reaction
mixture was filtered with Whatman filter paper, and the precipitate was dissolved in 15
ml of DMF solution. This DMF solution was refluxed for another 1.5 hours. This solution
was finally transferred to a beaker and was stirred overnight. Then the solution was
evaporated to dryness. The crude product was purified by using column chromatography

through silica gel (100-200 mesh).
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For 5,10,15,20-(Tetra-4-trifluoromethylphenyl)porphyrin, 12

Yield: 4% (15 mg). Anal. Calcd (found) for CasHz26F12N4 (12): C, 65.02 (64.91);
H, 2.96 (2.85); N, 6.32 (6.21). *H NMR (400 MHz, Chloroform-d) & 8. 81 (s, 8H), 8.34
(d,J=7.9 Hz, 8H), 8.05 (d, J = 8.0 Hz, 8H), -2.83 (s, 2H) (Figure 4.14). Other analytical

data are consistent with the previously reported authentic compounds.*®
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Figure 4.14 'H NMR spectrum of 5,10,15,20-(tetra-4-
trifluoromethylphenyl)porphyrin, 12 in CDCls.
Synthesis of 5,10,15,20-Tetrakis(4-butoxyphenyl)porphyrin, 13

348 pl (2 mmol) of 4-(tert-butyloxy)benzaldehyde and 140 pl (2 mmol) of
pyrrole were added in a 100 ml MeOH and 50 ml water mixture followed by the addition

of 10 ml HCI. The reaction mixture was stirred at RT for 2 hours. The reaction mixture
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was filtered with Whatman filter paper and the precipitate was dissolved in 15 ml of
DMF solution. This DMF solution was refluxed for another 1.5 hours. This solution was
finally transferred to a beaker and was stirred overnight. Then the solution was
evaporated to dryness. The crude product was purified by using column chromatography

through silica gel (100-200 mesh).
For 5,10,15,20-Tetrakis(4-butoxyphenyl)porphyrin, 13

Yield: 12% (51 mg). Anal. Calcd (found) for CeoHs2N4O4 (13): C, 79.79 (79.68);
H, 6.92 (6.99); N, 6.20 (6.13). 'H NMR (400 MHz, Chloroform-d) § 8.87 (s, 8H), 8.15 —
8.04 (d, 8H), 7.40 — 7.36 (m, 8H), 1.62 (s, 36H), -2.75 (s, 2H) (Figure 4.15). Other

analytical data are consistent with the previously reported authentic compounds.®
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Figure 4.15 'H NMR spectrum of 5,10,15,20-Tetrakis(4-butoxyphenyl)porphyrin, 13

in CDCls.
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Synthesis of 5,10,15,20-Tetrakis[4-(benzyloxy)phenyl]porphyrin, 14

424 mg (2 mmol) of 4-(benzyloxy)benzaldehyde and 140 pl (2 mmol) of
pyrrole were added in a 100 ml MeOH and 50 ml water (2:1) mixture followed by the
addition of 10 ml HCI The reaction mixture was stirred at RT for 2 hours. The reaction
mixture was filtered with Whatman filter paper and the precipitate was dissolved in 15
ml of DMF solution. This DMF solution was refluxed for another 1.5 hours. This solution
was finally transferred to a beaker and was stirred overnight. Then the solution was
evaporated to dryness. The crude product was purified by using column chromatography

through silica gel (100-200 mesh).
For 5,10,15,20-Tetrakis[4-(benzyloxy)phenyl]porphyrin, 14

Yield: 16% (80 mg). Anal. Calcd (found) for C72Hs4N4O4 (14): C, 83.21 (83.16);
H, 5.24 (5.32); N, 5.39 (5.48). 'H NMR (400 MHz, Methylene Chloride-d2) & 8.90 (s,
8H), 8.14 (d, J = 8.1 Hz, 8H), 7.65 (d, J = 7.4 Hz, 8H), 7.51 (t, J = 7.5 Hz, 8H), 7.41 (m,
12H), 5.37 (s, 8H), -2.81 (s, 2H) (Figure 4.16). Other analytical data are consistent with

the previously reported authentic compounds.*®
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Figure 4.16 'H NMR spectrum of 5,10,15,20-Tetrakis[4-(benzyloxy)phenyl]porphyrin,

14 in CD2Cla.

Synthesis of 5,10,15,20-Tetrakis(4-methoxycarbonylphenyl)porphyrin, 15

328 mg (2 mmol) of methyl 4-formylbenzoate and 140 pl (2 mmol) of
pyrrole were added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by the
addition of 10 ml HCI. The reaction mixture was stirred at RT for 2 hours. The reaction
mixture was filtered with Whatman filter paper, and the precipitate was dissolved in 15
ml of DMF solution. This DMF solution was refluxed for another 1.5 hours. This solution
was finally transferred to a beaker and was stirred overnight. Then the solution was
evaporated to dryness. The crude product was purified by using column chromatography

through silica gel (100-200 mesh).
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For 5,10,15,20-Tetrakis(4-methoxycarbonylphenyl)porphyrin, 15

Yield: 10 % (39 mg). Anal. Calcd (found) for Cs2H3sN4Os (15): C, 73.75 (73.65);
H, 4.52 (4.63); N, 6.62 (6.77). *H NMR (400 MHz, Chloroform-d) & 8.82 (s, 8H), 8.47 —
8.43 (d, 8H), 8.32 — 8.27 (d, 8H), 4.11 (s, 12H), -2.81 (s, 2H) (Figure 4.17). Other

analytical data are consistent with the previously reported authentic compounds.*’
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Figure 4.17 'H NMR spectrum of 15 in CDCls.

Synthesis of 5,10,15,20-Tetrakis(4,7—dimethoxynaphthalen-1-yl)porphyrin, 16

432 mg (2 mmol) of 4,7-dimethoxy-1-naphthaldehyde and 140 pl (2 mmol) of
pyrrole were added in a 100 ml MeOH and 50 ml water (2:1) mixture followed by the
addition of 10 ml HCI. The reaction mixture was stirred at RT for 2 hours. The reaction
mixture was filtered with Whatman filter paper and the precipitate was dissolved in 15

ml of DMF solution. This DMF solution was refluxed for another 1.5 hours. This solution
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was finally transferred to a beaker and was stirred overnight. Then the solution was
evaporated to dryness. The crude product was purified by using column chromatography

through silica gel (100-200 mesh).
For 5,10,15,20-Tetrakis(4,7—dimethoxynaphthalen-1-yl)porphyrin, 16

Yield: 17% (89 mg). Anal. Calcd (found) for CesHs4N4Os (16): C, 77.40 (77.52); H,
5.16 (5.30); N, 5.31 (5.18). 'H NMR (400 MHz, Chloroform-d) & 8.58 (d, J = 5.7 Hz, 8H),
8.44 (td, J = 7.0, 3.4 Hz, 4H), 8.08 — 7.99 (m, 4H), 7.17 — 7.03 (m, 8H), 6.60 (dd, J = 22.7,
2.5 Hz, 2H), 6.55 — 6.45 (m, 2H), 4.23 (d, J = 2.0 Hz, 12H), 3.00 — 2.89 (m, 12H), -2.27 (s,
2H) (Figure 4.18). 3C {*"H} NMR (101 MHz, CDCls) 5 161.4, 158.5, 158.5, 156.2, 151.6,
139.6, 139.0, 134.2, 130.5, 129.0, 128.9, 123.7, 120.2, 120.2, 118.8, 118.0, 117.4, 107.6,
107.4, 105.6, 104.8, 103.1, 101.8, 101.1, 101.0, 55.9, 55.0, 54.9, 54.8, 54.7 (Figure 4.19).

m/z: [16+H]* Calcd for CesHssN4Os 1055.4014; Found 1055.3948 (Figure 4.20).
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Figure 4.18 'H NMR spectrum of 5,10,15,20-Tetrakis(4,7—dimethoxynaphthalen-1-

yl)porphyrin, 16 in CDCls.
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Figure 419 BC{*H}NMR (101 MHz) spectrum of 5,10,15,20-

Tetrakis(4,7—dimethoxynaphthalen-1-yl)porphyrin, 16 in CDCls.
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Figure 420 ESI-MS spectrum of 5,10,15,20-Tetrakis(4,7—dimethoxynaphthalen-1-
yl)porphyrin, 16 in CH3CN shows the measured spectrum with isotopic
distribution pattern.

Synthesis of 5,15-Bis(4-bromophenyl)- 10,20-bis(4-nitrophenyl)porphyrin, 21

301 mg (1 mmol) of 5-(4-bromophenyl)dipyrromethane and 151 mg (1 mmol) of 4-

nitrobenzaldehyde were added in a 100 ml MeOH and 50 ml water (2:1) mixture,

followed by the addition of 10 ml HCI. The reaction mixture was stirred at RT for 2

hours. The reaction mixture was filtered with Whatman filter paper, and the precipitate

was dissolved in 15 ml of DMF solution. This DMF solution was refluxed for another

1.5 hours. This solution was finally transferred to a beaker and was stirred overnight.

Then the solution was evaporated to dryness. The crude product was purified using

column chromatography through silica gel (100-200 mesh) or purified via crystallization.
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For 5,15-Bis(4-bromophenyl)- 10,20-bis(4-nitrophenyl)porphyrin, 21

Yield: 40 % (170 mg). Anal. Calcd (found) for CaaH26Br2NeO4 (21): C, 61.27 (61.38); H,
3.04 (3.17); N, 9.74 (9.87). 'H NMR (400 MHz, Chloroform-d) & 8.89 (d, J = 4.8 Hz,
4H), 8.78 (d, J = 4.9 Hz, 4H), 8.68 — 8.64 (m, 4H), 8.41 — 8.37 (m, 4H), 8.09 — 8.05 (m,
4H), 7.95-7.91 (m, 4H), -2.86 (s, 2H) (Figure 4.21). Other analytical data are consistent

with the previously reported authentic compounds.*®
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Figure4.21 'H NMR spectrum of 5,15-Bis(4-bromophenyl)-10,20-bis(4-
nitrophenyl)porphyrin, 21 in CDCls.

Synthesis of 5,15-Bis(4-nitrophenyl)-10,20-diphenylporphyrin, 22

222 mg (1mmol) of 5-phenyldipyrromethane and 151 mg (1mmol) of 4-

nitrobenzaldehyde were added in a 100 ml MeOH and 50 ml water (2:1) mixture,

followed by the addition of 10 ml HCI. The reaction mixture was stirred at RT for 2

hours. The reaction mixture was filtered with Whatman filter paper, and the precipitate
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was dissolved in 15 ml of DMF solution. This DMF solution was refluxed for another
1.5 hours. This solution was finally transferred to a beaker and was stirred overnight.
Then the solution was evaporated to dryness. The crude product was purified using
column chromatography through silica gel (100-200 mesh) or purified via crystallization.
For 5,15-Bis(4-nitrophenyl)-10,20-diphenylporphyrin, 22

Yield: 31% (108 mg). Anal. Calcd (found) for Cs4H2sNeO4 (22): C, 74.99 (75.11); H,
4.00 (4.16); N, 11.93 (11.82). 'H NMR (400 MHz, Chloroform-d) 5 8.91 (d, J = 4.8 Hz,
4H), 8.76 (d, J = 4.8 Hz, 4H), 8.65 (d, J = 8.3 Hz, 4H), 8.40 (d, J = 8.3 Hz, 4H), 8.21 (d,
J = 7.0 Hz, 4H), 7.79 (m, 6H), -2.79 (s, 2H) (Figure 4.22). Other analytical data are

consistent with the previously reported authentic compounds.*®
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Figure 4.22 H NMR spectrum of 5,15-Bis(4-nitrophenyl)-10,20-diphenylporphyrin,

22 in CDCls.
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Synthesis of 5,15-Bis(4-methoxyphenyl)-10,20-bis(4-nitrophenyl)porphyrin, 23

252 mg (1 mmol) of 5-(4-methoxyphenyl)dipyrromethane and 151 mg (1 mmol) of 4-
nitrobenzaldehyde were added in a 100 ml MeOH and 50 ml water (2:1) mixture,
followed by the addition of 10 ml HCI. The reaction mixture was stirred at RT for 2
hours. The reaction mixture was filtered with Whatman filter paper, and the precipitate
was dissolved in 15 ml of DMF solution. This DMF solution was refluxed for another
1.5 hours. This solution was finally transferred to a beaker and was stirred overnight.
Then the solution was evaporated to dryness. The crude product was purified using
column chromatography through silica gel (100-200 mesh) or purified via crystallization.
For 5,15-Bis(4-methoxyphenyl)-10,20-bis(4-nitrophenyl)porphyrin, 23

Yield: 30% (114 mg). Anal. Calcd (found) for CssH32NeOs (23): C, 72.24 (72.13); H,
4.22 (4.10); N, 10.99 (11.14). *H NMR (400 MHz, Chloroform-d) & 8.94 (d, J = 4.8 Hz,
4H), 8.74 (d, J = 4.8 Hz, 4H), 8.66 — 8.61 (m, 4H), 8.39 (d, J = 8.3 Hz, 4H), 8.14 — 8.09
(m, 4H), 7.34 — 7.29 (m, 4H), 4.10 (s, 6H), -2.77 (s, 2H) (Figure 4.23). Other analytical

data are consistent with the previously reported authentic compounds.*®
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Figure423 'H NMR spectrum of 5,15-Bis(4-methoxyphenyl)-10,20-bis(4-
nitrophenyl)porphyrin, 23 in CDCls.

Synthesis of 5,15-bis(4-cyanophenyl)-10,20-bis(4-nitrophenyl)porphyrin, 24

247 mg (1 mmol) of 5-(4-cyanophenyl)dipyrromethane and 151 mg (1 mmol) of 4-
nitrobenzaldehyde were added in a 100 ml MeOH and 50 ml water (2:1) mixture,
followed by the addition of 10 ml HCI. The reaction mixture was stirred at RT for 2
hours. The reaction mixture was filtered with Whatman filter paper, and the precipitate
was dissolved in 15 ml of DMF solution. This DMF solution was refluxed for another
1.5 hours. This solution was finally transferred to a beaker and was stirred overnight.
Then the solution was evaporated to dryness. The crude product was purified using

column chromatography through silica gel (100-200 mesh) or purified via crystallization.
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For 5,15-bis(4-cyanophenyl)-10,20-bis(4-nitrophenyl)porphyrin, 24

Yield: 23% (85 mg). Anal. Calcd (found) for C4sH26NsOa4 (24): C, 73.20 (73.34); H, 3.47
(3.31); N, 14.85 (14.73). 'H NMR (400 MHz, Chloroform-d) & 8.81 (s, 8H), 8.67 (d, J =
8.2 Hz, 4H), 8.39 (d, J = 8.4 Hz, 4H), 8.34 (d, J = 7.8 Hz, 4H), 8.10 (d, J = 7.7 Hz, 4H),
-2.85 (s, 2H) (Figure 4.24). 3C {*H} NMR (101 MHz, CDCls) § 167.9, 143.4, 142.0,
138.3, 135.3,135.1, 132.6, 131.0, 130.8, 128.9, 128.4, 122.2,121.7, 112.5, 111.3, 109.5,
107.1, 103.0, 96.7 (Figure 4.25). m/z: [24+H]" Calcd for CasH27NsO4 755.2150; Found

755.2081 (Figure 4.26).

Figure4.24 'H NMR spectrum of  5,15-bis(4-cyanophenyl)-10,20-bis(4-

nitrophenyl)porphyrin, 24 in CDCls.
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Figure 4.25 3C {*H} NMR (101 MHz) spectrum of 5,15-bis(4-cyanophenyl)-10,20-

bis(4-nitrophenyl)porphyrin, 24 in CDCls.
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Figure 4.26 ESI-MS spectrum of 5,15-bis(4-cyanophenyl)-10,20-bis(4-
nitrophenyl)porphyrin, 24 in CH3sCN shows the measured spectrum with

isotopic distribution pattern.
Synthesis of 5,15-Bis(4-methoxyphenyl)-10,20-(4-chlorophenyl)porphyrin, 25

252 mg (1 mmol) of 5-(4-methoxyphenyl)dipyrromethane and 141 mg (1 mmol) of 4-
chlorobenzaldehyde were added in a 100 ml MeOH and 50 ml water (2:1) mixture,
followed by the addition of 10 ml HCI. The reaction mixture was stirred at RT for 2
hours. The reaction mixture was filtered with Whatman filter paper, and the precipitate
was dissolved in 15 ml of DMF solution. This DMF solution was refluxed for another
1.5 hours. This solution was finally transferred to a beaker and was stirred overnight.
Then the solution was evaporated to dryness. The crude product was purified by using

column chromatography through silica gel (100-200 mesh).
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For 5,15-Bis(4-methoxyphenyl)-10,20-(4-chlorophenyl)porphyrin, 25

Yield: 19% (69 mg). Anal. Calcd (found) for CasH32Cl2N4O2 (25): C, 74.29 (74.42); H,
4.34 (4.45); N, 7.53 (7.67). *H NMR (400 MHz, Chloroform-d) & 8.91 — 8.79 (m, 8H),
8.18 —8.10 (m, 8H), 7.76 — 7.71 (m, 4H), 7.30 (d, J = 8.2 Hz, 4H), 4.10 (s, 6H), -2.79 (s,
2H) (Figure 4.27). Other analytical data are consistent with the previously reported

authentic compounds. >
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Figure 4.27 'H NMR spectrum of 25 in CDCls.
Synthesis of 5,15-Bis(4-cyanophenyl)-10,20-diphenylporphyrin, 26

247 mg (1 mmol) of 5-(4-cyanophenyl)dipyrromethane and 102 pl (1 mmol) of
benzaldehyde were added in a 100 ml MeOH and 50 ml water (2:1) mixture followed
by the addition of 10 ml HCI The reaction mixture was stirred at RT for 2 hours. The

reaction mixture was filtered with Whatman filter paper and the precipitate was dissolved
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in 15 ml of DMF solution. This DMF solution was refluxed for another 1.5 hours. This
solution was finally transferred to a beaker and was stirred overnight. Then the solution
was evaporated to dryness. The crude product was purified by using column

chromatography through silica gel (100-200 mesh).
For 5,15-Bis(4-cyanophenyl)-10,20-diphenylporphyrin, 26

Yield: 17% (57 mg). Anal. Calcd (found) for CasH2sNs (26): C, 83.11 (83.02); H, 4.25
(4.37); N, 12.64 (12.52). 'H NMR (400 MHz, Chloroform-d) & 8.90 (d, J = 4.8 Hz, 4H),
8.75 (d, J = 4.8 Hz, 4H), 8.37 — 8.31 (d, 4H), 8.23 — 8.17 (d, 4H), 8.10 — 8.05 (d, 4H),
7.79 (m, 6H), -2.83 (s, 2H) (Figure 4.28). Other analytical data are consistent with the

previously reported authentic compounds. ¥’
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Figure 4.28 'H NMR spectrum of 26 in CDCls.
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Synthesis of 5,15-Bis(4-bromophenyl)-10,20-(4-methylphenyl)porphyrin, 27

301 mg (1 mmol) of 5-(4-bromophenyl)dipyrromethane and 117 pl (1 mmol) of p-
tolualdehyde were added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by
the addition of 10 ml HCI. The reaction mixture was stirred at RT for 2 hours. The
reaction mixture was filtered with Whatman filter paper, and the precipitate was
dissolved in 15 ml of DMF solution. This DMF solution was refluxed for another 1.5
hours. This solution was finally transferred to a beaker and was stirred overnight. Then
the solution was evaporated to dryness. The crude product was purified by using column

chromatography through silica gel (100-200 mesh).
For 5,15-Bis(4-bromophenyl)-10,20-(4-methylphenyl)porphyrin, 27

Yield: 13% (51 mg). Anal. Calcd (found) for CasHs2Br2N4(27): C, 69.01 (69.14); H, 4.03
(4.17); N, 7.00 (6.88). *H NMR (400 MHz, Chloroform-d) § 8.85 (dd, J = 32.6, 4.8 Hz,
8H), 8.08 (m, 8H), 7.91 — 7.87 (m, 4H), 7.56 (d, J = 7.6 Hz, 4H), 2.71 (s, 6H), -2.80 (s,
2H) (Figure 4.29). Other analytical data are consistent with the previously reported

authentic compounds. !
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Figure 429 'H NMR  spectrum  of  5,15-Bis(4-bromophenyl)-10,20-(4-

methylphenyl)porphyrin, 27 in CDCls.
Synthesis of 5,15-bis(4-cyanophenyl)-10,20-bis(4-methoxyphenyl)porphyrin, 28

247 mg (1 mmol) of 5-(4-cyanophenyl)dipyrromethane and 122 pl (1 mmol) of 4-
methoxybenzaldehyde were added in a 100 ml MeOH and 50 ml water (2:1) mixture,
followed by the addition of 10 ml HCI. The reaction mixture was stirred at RT for 2
hours. The reaction mixture was filtered with Whatman filter paper, and the precipitate
was dissolved in 15 ml of DMF solution. This DMF solution was refluxed for another
1.5 hours. This solution was finally transferred to a beaker and was stirred overnight.
Then the solution was evaporated to dryness. The crude product was purified by using

column chromatography through silica gel (100-200 mesh).
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For 5,15-bis(4-cyanophenyl)-10,20-bis(4-methoxyphenyl)porphyrin, 28

Yield: 13% (45 mg). Anal. Calcd (found) for CasH32NsO2 (28): C, 79.54 (79.46); H, 4.45
(4.56); N, 11.59 (11.67). *H NMR (400 MHz, Chloroform-d) & 8.92 (d, J = 4.8 Hz, 4H),
8.73 (d, J = 4.8 Hz, 4H), 8.34 (d, J = 7.8 Hz, 4H), 8.09 (m, 8H), 7.31 (d, J = 8.2 Hz, 4H),
4.11 (s, 6H), -2.80 (s, 2H) (Figure 4.30). Other analytical data are consistent with the

previously reported authentic compounds. ¥’
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Figure430 'H NMR spectrum of  5,15-bis(4-cyanophenyl)-10,20-bis(4-
methoxyphenyl)porphyrin, 28 in CDCls.
Synthesis of 5,15-Bis(4-methylphenyl)-10,20-diphenylporphyrin, 29

222 mg (1 mmol) of 5-phenyldipyrromethane and 117 pl (1 mmol) of p-tolualdehyde

were added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by the addition
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of 10 ml HCI. The reaction mixture was stirred at RT for 2 hours. The reaction mixture
was filtered with Whatman filter paper, and the precipitate was dissolved in 15 ml of
DMF solution. This DMF solution was refluxed for another 1.5 hours. This solution was
finally transferred to a beaker and was stirred overnight. Then the solution was
evaporated to dryness. The crude product was purified by using column chromatography

through silica gel (100-200 mesh).
For 5,15-Bis(4-methylphenyl)-10,20-diphenylporphyrin, 29

Yield: 11% (34 mg). Anal. Calcd (found) for CasH34N4 (29): C, 85.95 (85.81); H, 5.33
(5.43); N, 8.72 (8.64). *'H NMR (400 MHz, Chloroform-d) & 8.89 — 8.82 (m, 8H), 8.24 —
8.20 (m, 4H), 8.12 —8.09 (m, 4H), 7.79 — 7.74 (m, 6H), 7.56 (d, J = 7.7 Hz, 4H), 2.71 (s,
6H), -2.77 (s, 2H) (Figure 4.31). Other analytical data are consistent with the previously

reported authentic compounds. %2
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Figure 4.31 'H NMR spectrum of 29 in CDCls.
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Synthesis of 5,15-Bis(4-methoxyphenyl)-10,20-(4-methylphenyl)porphyrin, 30

252 mg (1 mmol) of 5-(4-methoxyphenyl)dipyrromethane and 117 pl (1 mmol) of p-
tolualdehyde were added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed by
the addition of 10 ml HCI. The reaction mixture was stirred at RT for 2 hours. The
reaction mixture was filtered with Whatman filter paper, and the precipitate was
dissolved in 15 ml of DMF solution. This DMF solution was refluxed for another 1.5
hours. This solution was finally transferred to a beaker and was stirred overnight. Then
the solution was evaporated to dryness. The crude product was purified using column

chromatography through silica gel (100-200 mesh) or purified via crystallization.
For 5,15-Bis(4-methoxyphenyl)-10,20-(4-methylphenyl)porphyrin, 30

Yield: 9% (30 mg). Anal. Calcd (found) for CasHssN4O2 (30): C, 82.03 (82.14); H, 5.45
(5.34); N, 7.97 (7.88). *H NMR (400 MHz, Chloroform-d) & 8.85 (s, 8H), 8.11 (m, 8H),
7.55(d, J = 7.6 Hz, 4H), 7.29 (d, J = 8.5 Hz, 4H), 4.10 (s, 6H), 2.71 (s, 6H), -2.76 (S, 2H)
(Figure 4.32). Other analytical data are consistent with the previously reported authentic

compounds. %2
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Figure432 'H NMR spectrum of 5,15-Bis(4-methoxyphenyl)-10,20-(4-
methylphenyl)porphyrin, 30 in CDCls.

Synthesis of 5,15-Bis(4-methoxyphenyl)-10,20-diphenylporphyrin, 31

252 mg (1 mmol) of 5-(4-methoxyphenyl)dipyrromethane and 102 pl (1 mmol) of
benzaldehyde were added in a 100 ml MeOH and 50 ml water (2:1) mixture, followed
by the addition of 10 ml HCI. The reaction mixture was stirred at RT for 2 hours. The
reaction mixture was filtered with Whatman filter paper, and the precipitate was
dissolved in 15 ml of DMF solution. This DMF solution was refluxed for another 1.5
hours. This solution was finally transferred to a beaker and was stirred overnight. Then
the solution was evaporated to dryness. The crude product was purified by using column

chromatography through silica gel (100-200 mesh).
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For 5,15-Bis(4-methoxyphenyl)-10,20-diphenylporphyrin, 31

Yield: 9% (31 mg). Anal. Calcd (found) for C4sH34N4O2 (31): C, 81.88 (81.99); H, 5.08
(4.97); N, 8.30 (8.45). 'H NMR (400 MHz, Chloroform-d) & 8.91 — 8.82 (m, 8H), 8.24 —
8.20 (m, 4H), 8.16 — 8.11 (m, 4H), 7.77 (m, 6H), 7.31 — 7.27 (m, 4H), 4.10 (s, 6H), -2.76
(s, 2H) (Figure 4.33). Other analytical data are consistent with the previously reported

authentic compounds. >
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Figure 433 'H NMR spectrum of 5,15-Bis(4-methoxyphenyl)-10,20-
diphenylporphyrin, 31 in CDCls.

Synthesis of 5,15-bis(4-cyanophenyl)-10,20-bis(2,4,6-trimethylphenyl)porphyrin, 32

247 mg (1 mmol) of 5-(4-cyanophenyl)dipyrromethane and 148 upl (1 mmol) of

mesitaldehyde were added to a 100 ml MeOH and 50 ml water (2:1) mixture, followed

by the addition of 10 ml HCI. The reaction mixture was stirred at RT for 2 hours. The
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reaction mixture was filtered with Whatman filter paper, and the precipitate was
dissolved in 15 ml of DMF solution. This DMF solution was refluxed for another 1.5
hours. This solution was finally transferred to a beaker and was stirred overnight. Then
the solution was evaporated to dryness. The crude product was purified by using column

chromatography through silica gel (100-200 mesh).
For 5,15-bis(4-cyanophenyl)-10,20-bis(2,4,6-trimethylphenyl)porphyrin, 32

Yield: 5% (20 mg). Anal. Calcd (found) for Cs2HoNs (32): C, 83.39 (83.27); H, 5.38
(5.26); N, 11.22 (11.31). 'H NMR (400 MHz, Chloroform-d) & 8.74 (d, J = 4.8 Hz, 4H),
8.69 (d, J = 4.8 Hz, 4H), 8.35 (d, J = 8.0 Hz, 4H), 8.06 (d, J = 8.1 Hz, 4H), 7.29 (s, 4H),
2.63 (s, 6H), 1.82 (s, 12H), -2.68 (s, 2H) (Figure 4.34). Other analytical data are

consistent with the previously reported authentic compounds.>?
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Figure 434 'H NMR spectrum of 5,15-bis(4-cyanophenyl)-10,20-bis(2,4,6-
trimethylphenyl)porphyrin, 32 in CDCls.
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5.1 Introduction

Metallo-porphyrinoids constitute the most important class of naturally occurring
and also artificially obtained photosensitizers.'® Metallo-porphyrinoids can also
participate in multiple electron transfer reactions due to the involvement of judiciously
chosen central metal ions and the equatorially bound porphyrinoid ligands.*® High valent
metalloporphyrinoid complexes bearing Sn', ShY, AsY, and PV centers have the
propensity to bind axial ligands covalently and they differ largely from their transition
metalloporphyrinoid counterparts.®® The axial ligands can bind and activate a series of
substrates.’® Antimony porphyrinoid complexes are the ideal choice for photocatalytic
multiple electron transfer reactions due to their excellent photostability which arises due
to the highly reversible shuttling of s?(low valent) to s°high valent) electronic
configuration.’*8 Although antimony is the main group element, still, Sb-porphyrin
complexes can efficiently replace various transition metal complexes in catalytic
oxidation reactions and have the propensity to fulfill as a spectroscopic and functional
model of the cytochrome P450 family of metalloenzymes.'®2? Antimony is an ideal
choice for two-electron transfer reactions due to the availability of thermodynamically
stable Sb(lll) and Sb(V) oxidation states. Antimony porphyrin complexes are
traditionally used in visible-light-driven photo-catalysis reactions'!?% and in recent times
analogous antimony corrole complexes are gaining a lot of research interest.?*-3? Corrole,
a contracted porphyrin analog having an 18w electron aromatic system, has different
photophysical properties than porphyrin. It is a tri-anionic chelating ligand and can
stabilize Sb(I11) and Sh(V) oxidation states easily.>*-® Although sparsely reported, but
still various researchers have discovered intriguing properties of different antimony
corrole complexes.?#32 Kadish et al. have described the facile access of antimony

octaethylcorroles in different oxidation states (Sb"!, Sb'V, and SbY).%® Gross et al. have
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demonstrated that antimony corroles can promote photocatalytic oxygenation of various
organic molecules under aerobic conditions.?* Photo-elimination of axial halide ligands
in antimony corroles has been demonstrated by Nocera et al.?® The bromide to bromine
conversion was demonstrated by Gross et al. while using a difluoroantimony(V) corrole
complex under visible light illumination.3> We have also reported the synthesis and
characterization of antimony corroles (Sb'"' and SbY) in two different oxidation states.?’
It was also observed that a corrolato Sb(l11) species reacts with oxygen donors like PhlO
in the air resulting in the generation of oxo-corrolato Sb(V) species. Herein, we have
observed that corrolato Sbh(l11) complexes react with NOBF (a nitric oxide precursor) in
air and generated trans-difluoro- corrolato Sh(V) species along with dinitration of

corrole ring (Scheme 5.1).

Scheme 5.1  Structures of the [trans-difluoro(3,17-dinitro—5,10,15 triphenylcorrolato)
antimony(V)], 1; [trans-difluoro(3,17-dinitro—5,10,15-tris(4-methoxy

phenyl)corrolato)antimony(V)], 2.

We have also proposed a putative trans- dinitrosyl (corrolato)antimony(V)
species as a reaction intermediate. This metastable intermediate is subsequently
converted into a trans- dinitro (corrolato)antimony(V) species, which ultimately leads to
the transfer of the nitro groups to the S-positions (3 and 17) of corrole. This trans-

difluoro-3,17-dinitro—corrolato ~ Sh(V)  species is capable of oxidizing
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triphenylphosphine, 9,10-dihydroanthracene, and thioanisole, and the process is catalytic
in presence of air and light at ambient temperature with a moderate to good turnover

number.
5.2  Results and Discussion
5.2.1 Synthesis and characterization

The synthesis of trans-difluoro(corrolato)antimony(V) derivatives (1 and 2) was
achieved by serendipity. While attempting to synthesize nitrosyl derivatives of antimony
corroles, we have treated the respective corrolato-Sb(l11) complexes with the nitrosating
agent, NOBF.. In a typical reaction, the corresponding corrolato-Sb(l11) complexes were
reacted with excess NOBF4 in a CH2Cl2—CH3CN mixture. This reaction resulted in the
immediate formation of trans- difluoro(corrolato)antimony(V) derivatives in good yields
(Scheme 5.2). Purity and composition of the trans-difluoro(corrolato)antimony(V)
derivatives (1 and 2) were established by their satisfactory elemental analyses, ESI-MS,

NMR, UV-vis, emission, cyclic voltammogram, FT-IR, and single-crystal XRD analysis.

NOBF4

2 W

R=H (1A)
R= OMe (2A)

CH;CIZI CH4CN

R=H (1), 40%
R= OMe (2), 30%

Scheme 5.2  Synthetic  application of [trans-difluoro(corrolato)antimony(V)]
complexes: [trans-difluoro(3,17-dinitro—5,10,15-triphenylcorrolato)
antimony(V)], 1; [trans-difluoro(3,17-dinitro—5,10,15-tris(4-methoxy

phenyl)corrolato)antimony(V)], 2
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In the native state, the trans-difluoro(corrolato)antimony(V) derivatives (1 and 2)
are diamagnetic in nature as is evident from the *H NMR spectra of both these complexes

(Figures 5.1 and 5.2).

15 13 11 9 7 5 3 1 -1 ppm

Figure 5.1  H NMR spectrum of 1 in CDCls.

In the *H NMR spectra, both the complexes exhibited sharp signals with the
normal chemical shift. Compound 1 exhibited twenty-one partially overlapping aromatic
protons in the region, o~ 9.74-7.79 ppm. Compound 2 exhibited eighteen partially
overlapping aromatic protons in the region, 6~ 9.67—7.33 ppm. The nine methoxy protons
appeared in the region of, 5~ 4.08 ppm for 2. While comparing the *H NMR shifts with

the starting antimony(111) corroles (1A and 2A), it was observed that the peaks of the
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trans-difluoro(corrolato)antimony(V) derivatives (1 and 2) shifted to the downfield

region.?’

0]
18 14 10 6 2 -2 -6 -10 -14ppm

Figure 5.2  H NMR spectrum of 2 in CDCla.

13C NMR spectrum of 2 displays methoxy group signals at values of ~ 55.8 ppm.
From the conductivity data in acetonitrile solution, it appears that both compounds 1 and
2 are non-conducting. Thus, there is no dissociable counter ion in these compounds. It is
assumed that this reaction occurs via the multi-step pathway leading to the formation of
the complexes [trans- difluoro(3,17-dinitro—5,10,15 triphenylcorrolato)antimony(V)], 1
and [trans-difluoro(3,17-dinitro—5,10,15-tris(4-methoxyphenyl)corrolato)antimony
(V)], 2. The reagent NOBF4 in a CH2Cl>—CH3CN mixture in presence of air is completely
inert, thus a transformation of NO™ (in the reagent) to the nitro groups (in the product) is

highly improbable without the involvement of a reactive intermediate species. It is also
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highly unlikely that the nitroso group is inserted directly into the corrole periphery via
nuclear substitution and then subsequently transformed into the nitro groups. Treating
the FB corroles with NOBF4 in a similar reaction condition does not afford the insertion
of nitro groups into the corrole periphery which further supports this hypothesis. Thus it
is assumed that the corrole chelated Sb(l11) ion plays a key role. In order to prove the role
of the metal center, we have synthesized trans-
difluoro(5,10,15—triphenylcorrolato)antimony(V) complex (Scheme 5.3, Figures 5.3-

5.4),

4 N

CH20|2

NO(gas), O, (Air)
O Qe O
CHZCIZI CH3;CN

NH4[BF4] 0, (Air)
CH2CIZI CH,;CN

.

Scheme 5.3  Chemical reactivity of (corrolato)antimony(l11) complex, 1A.
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Figure 5.3  Electronic absorption spectrum of (5,10,15-triphenylcorrolato)(trans-
difluoro)antimony(V) in dichloromethane.
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Figure54  ESI- MS spectrum of (5,10,15-triphenylcorrolato)(trans-

difluoro)antimony(V) in CH3CN shows the measured spectrum with

isotopic distribution pattern.
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While treating this complex with NOBF4in a CH2Cl>-CH3CN mixture in presence
of air does not yield the desired compound; [trans- difluoro(3,17-dinitro—5,10,15
triphenylcorrolato)antimony(V)], 1. It appears that blocking both axial positions hinders
the formation of nitrosyl chelated Sb(I11/V) complexes (Scheme 5.3). While treating the
Sb(I1I) corrole with NO gas in a CH2Cl>-CH3sCN mixture in presence of air resulted in
the formation of the compound; [ox0(3,17-dinitro—5,10,15
triphenylcorrolato)antimony(V)] (Scheme 5.3, Figures 5.5-5.6). If at all, Sb(V)-oxo-
corrole is generated in the 1st step of the reaction, as it is penta-coordinated, thus, it can
still accommodate one more axial ligand and thus the insertion of the nitro group in the

corrole periphery will be unhindered.

~

~

0.4 4

0.2+

Absorbance

0-0 T v T v 1
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Figure 5.5  Electronic absorption spectrum of (3,17-dinitro—5,10,15-triphenyl

corrolato)(oxo)antimony(V) in CH2Cl>—CH3sCN mixture.
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Figure5.6  ESI- MS spectrum of (3,17-dinitro—5,10,15-

triphenylcorrolato)(oxo)antimony(V) in CHsCN shows the measured

spectrum with isotopic distribution pattern.

It is also observed that fluoride insertion does not occur into the axial positions
while treating the Sh(l11) corroles with NHs[BF4] alone (Scheme 5.3). In this context,
Kochi et al. has studied earlier the mechanism of the oxidative aromatic nitration reaction
of arenes by using nitrosonium salts.>® A mechanism of this reaction has been proposed
based on these observations and also based on the earlier hypothesis of Kochi et al. They
have demonstrated that while anthracene was treated with NOPFe, it resulted in the
formation of anthracene radical cation and nitric oxide in CH2Cl2 solvent. In analogy
with  that, we have proposed the formation of [trans- dinitrosyl
(5,10,15—triphenylcorrolato)antimony(V)] compound as an intermediate while reacting

antimony(l11) corroles with excess NOBF4 in a CH2Clo—CH3CN mixture (Scheme 5.4).
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Scheme 5.4 Probable mechanism for the formation of [trans- difluoro(3,17-
dinitro—5,10,15 triphenylcorrolato)antimony(V)], 1 complex by the
addition of NOBF4 into the (corrolato)antimony(lll) precursors in
CH2Cl2-CHsCN mixture in the air (O2).

In the present case, metal-based oxidation is highly plausible as opposed to the
ligand-based oxidation of anthracene. The intermediate species have been established
via in situ FT-IR spectra. This [trans- dinitrosyl
(5,10,15—triphenylcorrolato)antimony(V)] species is highly susceptible to oxidation in
presence of air and thus can generate [trans-dinitro
(5,10,15—triphenylcorrolato)antimony(V)] species. The FT-IR spectra of the reaction
mixture have characteristic stretching frequencies at 1740 cm™ and at 1350 cm™ and are

assigned as vno and vnoz respectively (Figure 5.7).
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Figure 5.7

1200 1400 1600 1800
vcm

_ -1 B
VN02—1350 cm \

VNO=1740 cm™<—

Solution FT-IR spectra of (a) (5,10,15-triphenylcorrolato)antimony(l11)
in a CH2CIl2—CHsCN mixture. (b) (5,10,15-
triphenylcorrolato)antimony(l11) complex was treated with excess
NOBF4 in a CH2Cl.—CH3CN mixture at 0°C after 3 minutes (c) (5,10,15-
triphenylcorrolato)antimony(l11) complex was treated with excess
NOBF4 in a CH2Cl.—CH3sCN mixture at 0°C after 15 minutes (d) (5,10,15-
triphenylcorrolato)antimony(l11) complex was treated with excess
NOBF4 in a CH2Clo—CH3sCN mixture at 0°C after 25 minutes (e) (5,10,15-
triphenylcorrolato)antimony(l11) complex was treated with excess
NOBFs in a CH2Cl2—CH3CN mixture at 0°C after 35 minutes. (f)
(5,10,15-triphenylcorrolato)antimony(l1l) complex was treated with

excess NOBF4 in a CH2Clo—CHsCN mixture at RT after 60 minutes.

Although, no previous report is available to compare these data, however, these

data fall in the range of typically encountered metal nitrosyl and metal nitro stretching
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frequencies.®® 1 This [trans- dinitro (5,10,15—triphenylcorrolato)antimony(V)] species
can transfer the nitro group in the g-positions (3 and 17) of the corrole periphery in the
antimony(V) corrole complexes.

This mechanism of this selective substitution in the corrole periphery has been
demonstrated well.®? Paolesse et al. has observed earlier the nitration of iron corrolates
and the exclusive formation of regioselective di-substituted (3- and 17- positions) iron
nitrosyl corrolates. © In analogy with that, as all these antimony corrole complexes are
diamagnetic and no signal of radical character was detected, thus the lability of the axial
ligands is probably responsible for these kinds of reactions.®® The oxidation of the nitrite
ion probably generates ‘NOz radical and which subsequently couples with the antimony
corrole. This generated nitrocorrolatoantimony radical intermediate is subsequently
oxidized and deprotonated and resulted in the formation of nitrocorrolatoantimony
derivatives. Subsequently, the fluoride ion is inserted into the axial positions of
antimony(V)corrole via nucleophilic attack of fluoride ion from BF4.%*

5.2.2 Crystal Structure

The crystal structures of 1 and 2 are shown in Figure 5.8 and Figure 5.9
respectively. As both the molecules have furnished similar structures, thus one of them
will be described in detail (Figure 5.8). Important crystallographic parameters for 1 and

2 are summarized in Table 5.1. The crystal structure of 2 is_triclinic in nature and each

unit cell has two molecules of 2. The bite angles of N1-Sb-N2, N2-Sb-N3, N3-Sh-N4,
and N4-Sh-N1 for 2 are 92.3(4) °, 95.9(3) °, 91.6(3) °, and 80.2(3) °, respectively. The
Sb-N bond distances of 2 are 1.997(8) A for Sb-N1, 1.972(9) A for Sb-N2, 1.968(8) A
for Sb-N3, and 1.984(8) A for Sb-N4. While comparing the Sb—N bond distances with
the previously reported antimony(I11) corroles?” and antimony(V) corroles,?262° it was

observed that the Sb—N bond distances of the trans- difluoro(3,17-dinitro-
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corrolato)antimony(V) derivatives (1 and 2) matches nicely with the earlier reported

antimony(V) corroles.

Figure 5.8  Single-crystal X-ray structure of 2. Hydrogen atoms are omitted for

clarity.

Figure5.9  Single-crystal X-ray structure of 1. Hydrogen atoms are omitted for

clarity.
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Table 5.1

Crystallographic data of 1 and 2.

compound code 1 2

molecular formula | 2(C37H21F2Ns04Sh),3(C2HsN) | CaoH2rF2NsO7Sh
Fw 834.95 863.45
Radiation Cu Ka Cu Ka
crystal symmetry Triclinic Triclinic
space group P-1 P-1

a(A) 12.9295(4) 7.6617(8)
b(A) 13.5750(4) 16.0045(15)
c(R) 21.8179(7) 16.1004(18)
a(deg) 103.476(3) 63.977(10)
B(deg) 97.404(2) 88.495(9)
g(deg) 105.665(2) 83.425(8)
V(A3 3509.7(2) 1761.8(4)

V4 4 2

u(mm) 6.796 6.843

T(K) 100 100

Dealcd (g cm~) 1.580 1.628
260range (deg) 3.57 t0 68.25 5.22 10 66.58
e data (Rint) 12580 (0.105) 5906 (0.103)
R1 (I>20(1)) 0.0564 0.1025

WR?2 (all data) 0.1465 0.2388

GOF 1.012 1.063

Apmax, Apmin (e A7) | 1.38, -1.59 3.58,-1.82

The reported Sb—N bond distances for (5,10,15-trisphenylcorrolato)antimony(111)

are in the range of 2.127-2.114 A?” whereas the Sb-N bond distances for (5,10,15-

trispentafluorophenylcorrolato)(trans-difluoro)antimony(V) are in the

range of

1.979-1.971 A?* The central antimony atom deviates by 0.030 A from the mean N4
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corrole plane for 2. Literature report suggests that the deviation of Sb(I11) atom from the
mean N4 corrole plane in a structurally characterized Sb(l11)corrole is ~0.960 A.2” While
in the literature reported Sb(V) corrole, this deviation of antimony atom from the mean
N4 corrole plane is 0.022 A.?® The Sb-F bond distances of 2 are 1.920(6) A for Sh-F1
and 1.913(6) A for Sh-F2. The Sb-F bond distances in the structurally characterized
(5,10,15-trispentafluorophenylcorrolato)(trans-difluoro)antimony(V) are 1.940(1) A for
Sbh-F1 and 1.932(1) A for Sbh-F2.%* The F1-Sbh1-F2 angle for 2 is 179.3(3) ° and is
comparable with the literature reported values of F1-Sh1-F2 angle of 177.3(1) °.
5.2.3 UV-vis and emission spectroscopy

The electronic absorption and emission spectra of 1 and 2 are shown in Figure
5.10. Both the complexes showed similar absorption and emission profiles. The Soret
band of complexes 1 and 2 split into two distinct bands and appears in the range of 423-
454 nm. Three Q-bands are also observed for both the complexes (1 and 2) in the range
of 543-665 nm. The molar absorption coefficient of the Soret bands in 1 and 2 are in the
range of 1.0-1.15 x 10° M-*cm?, and the molar absorption coefficient of the lowest
energy Q-type bands in 1 and 2 are in the range of 7.5-8.5 x 10* M~lcm~! (Table 5.2).

Table 5.2 UV-Vis data for 1 and 2.

Compound UV-vis. Data (In dichloromethane)

Amax / nm (g / M‘lcm‘l)

1 423(110000), 448(103000), 543(11300), 590(34900), 645(76900)

2 431(112000), 454(115000), 548(14500), 593(30600), 665(82900).

Interestingly, out of these three Q bands in complexes 1 and 2, the lowest energy
band is very intense. The absorption profile of complexes 1 and 2, can be easily compared

with the previously reported 5,10,15-triphenylcorrolatoantimony(l11) and (oxo0)(5,10,15-
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triphenylcorrolato)antimony(V)  complexes.?”  Previously  reported  5,10,15-
triphenylcorrolatoantimony(l111) complex exhibited split Soret bands at 440-459 nm due
to its low symmetric nature. While the (oxo0)(5,10,15-triphenylcorrolato) antimony(V)
complex exhibited an unsplit Soret band at 408 nm. The 5,10,15-
triphenylcorrolatoantimony(l1l)  exhibited four Q-bands and (0x0)(5,10,15-

triphenylcorrolato) antimony(V) complex exhibited three Q-bands.
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Figure 5.10 Steady-state absorption (solid lines) and emission (dashed lines) spectra

of 1 (black line) (Aexc=424 nm) and 2 (red line) (Aexc=430 nm) in aerated
dichloromethane.
The emission spectra of complexes 1 and 2 are shown in Figure 5.10 . Complex 1
displayed strong emission at 679 nm and a shoulder at 755 nm in CH2Cl2 (excited at the
Soret band). Complex 2 displayed strong emission at 725 nm and a shoulder at 809 nm
in CH2Cl2 (excited at the Soret band). These observed emissions can be conveniently
assigned as fluorescence due to the appearance of smaller Stokes shifts with reference to

the Q-type bands.
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5.2.4 Redox properties

The redox properties of complexes 1 and 2 were investigated in CH2Cl2/0.1 M
TBAP by using cyclic voltammetric and differential pulse voltammogram techniques
(Figures 5.11-5.12, Table 5.3). Complexes 1 and 2 exhibited two successive one-electron
reversible reductive couples and one reversible oxidative couple versus Ag-AgCl
reference electrode. The first reduction was observed at E%gs, V (AEp, mV): -0.48 (80),

and the second reduction process was observed at E%gs, V (AEp, mV): -0.89(80) for 1.

15 -10 -05 00 05 10 15
E/V

Figure 5.11 Cyclic voltammograms and differential pulse voltammogram of 1 in

CH2Cl2. The potentials are vs. Ag/AgCI.
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Figure 5.12  Cyclic voltammograms of 2 in CH2Cl2. The potentials are vs. Ag/AgCI.

They also showed one reversible oxidative couple E%gs, V (AEp, mV): +1.44 (80)

versus Ag-AgCl. The first reduction was observed at E%gs, V (AEp, mV): -0.48 (80), and

the second reduction process was observed at E%gs, V (AEp, mV): -0.88(80) for 2. They

also showed one reversible oxidative couple E%gs, V (AEp, mV): +1.30 (80) versus Ag-

AgCI.

Table 5.3 Electrochemical data for 1 and 2.

Compound Electrochemical data 2®
Oxidation E°V (AEp, mV) Reduction E®V (AEp, mV)
1 +1.44 (80) -0.48 (80), -0.89(80)
2 +1.30 (80) -0.48 (80), -0.88 (80)

aln dichloromethane.

bThe potentials are vs. Ag/AgCI
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5.3  Catalytic Applicability:
Initially, the catalytic efficacy of synthesized complexes (1 and 2) was studied

for the oxidation of triphenylphosphine as our model substrate under photochemical

conditions (Table 5.4).

Table5.4 Catalytic  oxidation  reactions using [trans-  difluoro(3,17-

dinitro—corrolato)antimony(V)] complexes

@\ /@ Cat. 1 (0.0005 mmol) @\o/@
1. p DCM : ACN (1.5 mL) p
hv, Air, 17 h

Cat. 1 (0.0005 mmol)

DCM : ACN (1.5 ml)
. - ®
hv, Air, 17 h

Cat. 1 (0.0005 mmol)

hv, Air, 17 h
1c 2c
Product Isolated Yield (%0) TON
2a 96 5000
2b 75 1500
2c 56 1120

Reaction condition: substrate for 1a (2.6 mmol) and for 1b and 1c (1 mmol each), cat. 1

(0.0005 mmol), mixed solvent (DCM: ACN = 1:1), CFL (20 W), air, 17 h
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To our delight, we have successfully obtained the desired oxidized product,

triphenylphosphine oxide (2a) in an excellent yield of around 96% with TON = 5000

(Figure 5.13-5.14).
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Figure 5.13 H (top) and **C (bottom) of compound 2a in CDCls.
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Figure 5.14 ESI-MS data of compound 2a in CH3CN.

Additionally, we were also able to get the benzylic oxidation product of 1b having
TON = 1500 under a similar reaction condition (Figures 5.15-5.16). Further sulfoxidation
of thioanisole has been performed with complex 1 to demonstrate its adaptability in the
oxidation reaction (Figures 5.17-5.19). Interestingly, sulfoxidation product (2c) was
formed with TON >1100. We have investigated the role of the [trans-
difluoro(corrolato)antimony(V)] complexes as a catalyst in oxygenation reaction under

photo-redox conditions.
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Figure 5.16 Mass spectrum (GC-EIMS) of compound 2b detected by GC of the

reaction mixture.
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reaction mixture.
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Figure 519 HRMS data of compound 2c in CHsCN.
Characterization data of products
Triphenylphosphine oxide (2a):
White solid; isolated yield: 96%. 'H NMR (400 MHz, Chloroform-d) & 7.68-7.64 (m,
6H), 7.53-7.43 (m, 9H). 13C NMR (176 MHz, CDCls) & 132.7,
@ 132.2, 131.8, 131.8, 131.8, 131.8, 128.5, 128.4. The electrospray
Q_Q_Q mass spectrum in acetonitrile showed peaks centered at m/z =
301.07 correspond to [2a+Na*]* (301.08 calcd for C1sH1sNaOP).
Anthracene-9,10-dione (2b):
Eluent: ethyl acetate/petroleum ether (5:95 v/v); light yellow solid; isolated yield: 75%.

(0]
'H NMR (400 MHz, CDCl3) § 8.35 (dd, J = 5.8, 3.3 Hz, 4H), 7.83 (dd,

O‘O J=5.8, 3.3 Hz, 4H).2*C NMR (101 MHz, CDCls3) & 183.40, 134.35,

(0]
133.73, 127.45.
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(Methylsulfinyl)benzene (2c):
Eluent: ethyl acetate/petroleum ether (40:60 v/v); yellow liquid; isolated yield: 56%. 'H

NMR (500 MHz, CDCl3) 5 7.64 (dd, J = 8.1, 1.6 Hz, 2H), 7.54 — 7.49 (m,

=0

wn

©/ *Me 3H).*C NMR (126 MHz, CDCls) § 145.83, 131.25, 129.56, 123.69,
44.13. The electrospray mass spectrum in acetonitrile showed peaks

centered at m/z = 163.0173 correspond to [2c+Na*] * (163.0173 calcd for C7HsNaOS).
In order to understand the fate of the catalyst, we have analyzed the reaction
mixture at the end of the reaction. Column chromatography was performed on the crude
reaction mixture. The starting catalyst was fully recovered with minimal decompositions
and the identity of the catalyst was established via UV-vis and H NMR techniques
(Figures 5.20-5.21). We did not detect traces of free base corrole from the reaction
mixture and thus the demetallation process was ruled out. UV-vis spectra of the reaction
mixture clearly demonstrate that the catalyst was intact throughout the reaction time. It
is evident that these trans- difluoro(3,17—dinitro—corrolato)antimony(V) complexes are
capable of oxidizing various substrates. Like the previous researchers, we have also
observed an absolute selectivity of C-H activation instead of C=C bonds. However, we
have not observed any hydroperoxides formation. Based on the previous literature, it is
apparent that the catalytic cycle of the trans- difluoro(3,17-dinitro—corrolato)

antimony(V) mediated oxygenation reaction probably involves singlet oxygen.?*
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Figure 5.20 Electronic absorption spectrum of (a) pure 2 (—) in CH2Cl2 at room

temperature; (b) isolated compound (—) (in CH2Cl2 at room temperature) obtained via
the treatment of 2 (0.002 mmol) with PPhs (10 mmol) in CH2Cl2-CH3CN mixture at RT

for 17 h in air and light (20 W CFL bulb), followed by purification via column

chromatography.

<2 O=PPh; \

Figure 5.21 H NMR spectrum of (a) pure 2 (—) in CDCls at room temperature; (b)
crude reaction mixture (—) (in CDCls at room temperature) obtained via
the treatment of 2 (0.002 mmol) with PPhs (10 mmol) in CH2Cl2-CHsCN

mixture at RT for 17 h in air and light (20 W CFL bulb).
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5.4  Conclusion

In conclusion, we have structurally characterized trans- difluoro(3,17—dinitro—corrolato)
antimony(V) species by reacting a corrolato Sb(lll) complex with nitrosonium
tetrafluoroborate in presence of air (O2) along with regioselective dinitration of corrole
ring. A [trans-dinitrosyl(corrolato)antimony(V)] compound has been proposed as a
possible reaction intermediate and its composition has been established via in situ FT-IR
spectra. This species is subsequently converted into a [trans- dinitro
(corrolato)antimony(V)] species and which can transfer the nitro group in the S-positions
(3 and 17) of corrole periphery via a radical pathway. The Sb-N bond distances of the
trans-difluoro(3,17-dinitro—corrolato)antimony(V) derivatives (1 and 2) match nicely
with the earlier reported antimony(V) corroles. The central antimony atom deviates by
0.030 A from the mean N4 corrole plane. The Sh-F bond distances of 2 are 1.920(6) A
and 1.913(6) A for Sbh-F1 and Sb-F2 respectively and the F1-Sb1-F2 angle is 179.3(3).
The Soret band of these complexes split into two distinct bands and appears in the range
of 423-454 nm. Three Q-bands are also observed for both the complexes in the range of
543-665 nm. The observed emissions can be conveniently assigned as fluorescence due
to the appearance of smaller Stokes shifts with reference to the Q-type bands. The trans-
difluoro(3,17-dinitro—corrolato)antimony(V) species exhibits two successive one-
electron reversible reductive couples and one reversible oxidative couple versus Ag-
AgCl reference electrode. The trans-difluoro(3,17-dinitro—corrolato)antimony(V)
showed oxygenation reaction under photo-redox conditions in presence of air and light

at ambient temperature.
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55  Experimental Section
55.1 Materials

The precursor’s pyrrole, chloranil, NOBF4 and tetrabutylammonium perchlorate
(TBAP) were purchased from Sigma-Aldrich, USA. SbCls and pyridine were purchased
from Merck, India. Benzaldehyde and 4-methoxy benzaldehyde were purchased from
Merck, India. Other chemicals were of reagent grade. Hexane and CH2Cl2 were distilled
from KOH and CaH: respectively. 5,10,15-triphenylcorrole,”®  (5,10,15-
triphenylcorrolato)antimony(l11), 1A?” and 5,10,15-tris(4-methoxyphenyl)corrole® is
synthesized by following earlier reported protocols.
5.5.2 Physical Measurements

UV-Vis spectral studies were performed on a Perkin—Elmer LAMBDA-750
spectrophotometer. The elemental analyses were carried out with a Euro EA elemental
analyzer. Emission spectral studies were performed on a Perkin Elmer, LS 55
spectrophotometer using an optical cell of 1 cm path length. FT—IR spectra were recorded
on a Perkin—Elmer spectrophotometer with samples prepared as KBr pellets. Solution
FTIR spectra were recorded in a Nicolet iS5 FT-IR Spectrometer. The NMR
measurements were carried out using a Bruker AVANCE 400 NMR spectrometer.
Tetramethylsilane (TMS) is the internal standard. Electrospray mass spectra were
recorded on a Bruker Micro TOF-QII mass spectrometer. Cyclic voltammetry
measurements were carried out using a CS350 electrochemical test system (China). A
glassy carbon working electrode, a platinum wire as an auxiliary electrode, and an Ag-
AgCl reference electrode were wused in a three-electrode configuration.
Tetrabutylammonium perchlorate (TBAP) was the supporting electrolyte (0.1 M), and

the concentration of the solution was 1073 M for the complex. The half-wave potential
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E%os was set equal to 0.5 (Epa + Epc), where Epa and Epc are anodic and cathodic cyclic
voltammetric peak potentials, respectively. The scan rate used was 100 mV s
5.5.3 Crystal Structure Determination

Single crystals of 1 were grown by slow diffusion of solution of 1 in acetonitrile
into hexane, followed by slow evaporation under atmospheric conditions. Single crystals
of 2 were grown by slow diffusion of solution of 2 in dichloromethane into hexane,
followed by slow evaporation under atmospheric conditions. The crystal data of 1 and 2
were collected on a Rigaku Oxford diffractometer at 100 K. Selected data collection
parameters and other crystallographic results are summarized in Table S1. All data were
corrected for Lorentz polarization and absorption effects. The program package
SHELXTL®® was used for structure solution and full-matrix least-squares refinement on
F2. Hydrogen atoms were included in the refinement using the riding model.
Contributions of H atoms for the water molecules were included but were not fixed.
Disordered solvent molecules were taken out using the SQUEEZE command in
PLATON.% CCDC 2145598 contains the supplementary crystallographic data for 1.
CCDC 2145599 contains the supplementary crystallographic data for 2. These data can

be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif.

5.5.4 Syntheses
5.5.4.1 Synthesis of [trans-difluoro(3,17-dinitro—5,10,15-triphenylcorrolato)
antimony(V)], 1:

1 was prepared by reacting 50 mg (0.077 mmol) of (5,10,15-
triphenylcorrolato)antimony(l11), 1A and excess of NOBF4 in a 20 mL solution of
CH2Cl>—CH3sCN (1:1) mixture. The solution was stirred for a few seconds till the color
of the solution changed from yellowish green to sea green. Then the solution was

immediately passed through a previously packed silica gel column using
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CH2Cl>—CH3sCN mixture (3:1) as eluent. The sea-green fraction containing 1 was further
purified by recrystallization from CH2Cl2/hexane mixture to give 24 mg of pure 1.
5.5.4.2 For [trans-difluoro(3,17-dinitro—5,10,15 triphenylcorrolato)antimony(V)],
1:

Yield 24 mg, (0.031 mmol, 40%). Anal. Calcd (found) for C37H21F2NeO4Sb (1): C, 57.46
(57.61); H, 2.74 (2.92); N, 10.87 (10.76). UV-Vis (dichloromethane) Amax/nm (e/Mcm
1): 423(110000), 448(103000), 543(11300), 590(34900), 645(76900). ‘H NMR (400
MHz, Chloroform-d) & 9.74 (s, 2H), 9.07 (d, J = 4.9 Hz, 2H), 8.82 (d, J = 5.0 Hz, 2H),
8.16 —8.11 (m, 6H), 7.83 — 7.79 (m, 9H). 3C NMR (101 MHz, CDCl3) 5 146.66, 145.61,
140.80, 137.95 (J(CF) = 10.6 Hz), 134.35 (J(CF) = 7.5 Hz), 133.27, 129.44, 129.17

(J(CF) =9.6 Hz), 128.47, 128.43, 125.46, 124.05, 120.31, 115.15, 113.28 (Figure 5.22).

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

210 190 170 150 130 110 90 70 50 30 10 pPpm

Figure 5.22 C NMR spectrum of 1 in CDCls.
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¥F {*H} NMR (377 MHz, Chloroform-d) & -100.1 (s, 2F) (Figure 5.23).

--100.15

0 -20 -40 -60 -80 -100 -120 -140 -160 -180
f1 (ppm)

Figure 5.23 *F{*H} NMR (377 MHz) spectrum of 1 in CDCls.

The electrospray mass spectrum in acetonitrile showed peaks centred at m/z =
795.0492 correspond to [M+Na]® (795.0528 calcd for Cs7H21F2NeO4SbNa) (Figure
5.24). 1 displayed strong emission at 679 nm and a shoulder at 755 nm in CH2Cl2 (Excited
at the Soret band). Awm, (uS m? mol™!) in acetonitrile at 298 K: 2.10. The FT-IR data of 1

is shown in Figure 5.25.
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Figure 5.24 ESI- MS spectrum of 1 in CH3CN shows the measured spectrum with
isotopic distribution pattern.
100
>
S,
>, 804
=
(72}
c
)
F]
=
60 . . . .
1000 2000 3000 4000
-1
vicm ]
Figure 5.25 FT IR spectra of 1 as KBr Pellet.
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5.5.4.3 Synthesis of {5,10,15-tris(4-methoxyphenyl)corrolato}antimony (111), 2A:
2A was prepared by a slight modification of a general procedure for the synthesis of Sb—
corrole complex.t® 100 mg (0.16 mmol) of 5,10,15-tris(4-methoxyphenyl)corrole, and
350 mg (1.5 mmol) of antimony trichloride were added to a 25 mL of pyridine solution.
The solution was then heated to reflux at 100°C for half an hour. The solution was then
evaporated to dryness by using a rotary evaporator. The residue was then purified by
using silica gel column chromatography in CH2Cl>—acetonitrile mixture (5:1) as eluent.
The yellowish green fraction containing antimony(l11) corrole, 2A was further purified
by recrystallization to give 98 mg of pure 2A.

5.5.4.4 For {5,10,15-tris(4-methoxyphenyl)corrolato}antimony (I11), 2A:

Yield 98 mg, (0.134 mmol, 84%). Anal. Calcd (found) for C40H20N4O3Sb (2A): C, 65.32
(65.44); H, 3.97 (3.81); N, 7.62 (7.75). 'H NMR (400 MHz, Chloroform-d) § 9.11 (dd, J
=12.1, 4.4 Hz, 4H), 8.74 (t, J = 4.8 Hz, 4H), 8.16 (bs, 5H), 7.89 (bs, 1H), 7.32 (d, J =
8.2 Hz, 6H), 4.07 (m, 9H) (Figure 5.26). 3C NMR (101 MHz, CDCls) § 159.37, 159.06,
143.99, 138.97, 138.14, 135.32, 134.64, 134.07, 132.90, 128.79, 125.33, 124.47, 116.97,
115.63, 113.17, 112.78, 108.78, 55.60 (Figure 5.27). The electrospray mass spectrum in
acetonitrile showed peaks centred at m/z = 734.0998 correspond to [2A]™" (734.1278

calcd for CaoH29N4O3Sb) (Figure 5.28).
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Figure 5.28 ESI- MS spectrum of 2A in CH3CN shows the measured spectrum with
isotopic distribution pattern.

5.5.4.5 Synthesis of [trans-difluoro(3,17-dinitro—5,10,15-tris(4-methoxyphenyl)

corrolato)antimony(V)], 2:

2 was prepared by reacting 50 mg (0.068 mmol) of {5,10,15-tris(4-
methoxyphenyl)corrolato}antimony(l11), 2A and excess of NOBF4in a 20 mL solution
of CH2Cl>—CHsCN (1:1) mixture. The solution was stirred for a few seconds till the color
of the solution changed from yellowish green to sea green. Then the solution was
immediately passed through a previously packed silica gel column using
CH2Cl>—CH3sCN mixture (3:1) as eluent. The sea-green fraction containing 2 was further

purified by recrystallization from CH2Cl2/hexane mixture to give 18 mg of pure 2.
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5.5.4.6 For [trans-difluoro(3,17-dinitro—5,10,15-tris(4-methoxyphenyl)corrolato)
antimony (V)], 2:

Yield 18 mg, (0.021 mmol, 30%). Anal. Calcd (found) for CaoH27F2NsO7Sb (2):
C, 55.64 (55.78); H, 3.15 (3.31); N, 9.73 (9.90). UV-Vis (dichloromethane) Amax/nm
(e/Mem): 431(112000), 454(115000), 548(14500), 593(30600), 665(82900). *H NMR
(400 MHz, Chloroform-d) § 9.67 (s, 2H), 9.07 (d, J = 4.9 Hz, 2H), 8.83 (d, J = 5.0 Hz,
2H), 8.07 — 8.04 (m, 6H), 7.33 (m, 6H), 4.08 (M, 9H). 3C NMR (101 MHz, CDCls) &
160.63 (J(CF) = 33.8 Hz), 146.57, 145.78, 141.02, 135.49, 134.85 (J(CF) = 26.7 Hz),
134.34 (J(CF) = 35.9 Hz), 130.42 (J(CF) = 19.5 Hz), 129.06, 125.87, 124.01, 120.08,
116.01, 114.77, 114.42 (J(CF) = 15.2 Hz), 114.12, 114.01, 113.93, 112.86, 55.80, 55.72

(Figure 5.29).

190 170 150 130 110 90 70 50 30 10 ppm

Figure 5.29 3C NMR spectrum of 2 in CDCls.
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¥F {*H} NMR (377 MHz, Chloroform-d) & -100.0 (s, 2F) (Figure 5.30).

—-100.04
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f1 (ppm)

Figure 5.30 *F{*H} NMR (377 MHz) spectrum of 2 in CDCls.

The electrospray mass spectrum in acetonitrile showed peaks centered at m/z =
885.0768 correspond to [M+Na]* (885.0845 calcd for CaoH27F2NsO7SbNa) (Figure
5.31). 2 displayed strong emission at 725 nm and a shoulder at 809 nm in CH2Cl:2 (excited

at the Soret band). Awm, (uS m? mol™") in acetonitrile at 298 K: 1.85. The FT-IR data of 2

is shown in Figure 5.32.
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Figure 5.31 ESI- MS spectrum of 2 in CH3sCN shows the measured spectrum with

isotopic distribution pattern.
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Figure 5.32  FT IR spectra of 2 as KBr Pellet.
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