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ABSTRACT 
 

This thesis describes the synthesis and characterisation of new examples of meso-

η1-organometallic porphyrins. These porphyrins were originally encountered as 

catalytic intermediates in the C-C bond forming reaction on the porphyrin 

periphery using palladium catalysts. They have now become a research topic in 

their own right and no other examples of this type of organometallic porphyrins 

had been reported at the outset of this work. 

 

In Chapter 2, several examples of meso-palladioporphyrins were prepared in high 

yield using oxidative addition of the porphyrin-bromine bond to a suitable Pd(0) 

phosphine precursor. These phosphine precursors were prepared from Pd(PPh3)4 

or Pd2dba3 plus either PPh3 or a chelating diphosphine. Several new examples of 

mono- and di palladium complexes of chelating diphosphines were prepared. 

 

Chapter 3 looks at the preparation of meso-platinioporpyrins and the insertion of 

various central metal ions into the porphyrin ligand. Pairs of cis- and trans-

isomers of the Pt(II) complexes were isolated from the oxidative addition of 

Pt(PPh3)3 to the free base and Ni(II) bromoporphyrins. The cis-isomer converted 

to the trans upon heating. At room temperature the two isomers are geometrically 

stable and survive unchanged through column chromatography and slow 

recrystallisation. The central metal ion can be introduced either before or after the 

oxidative addition to Pt(0). However, it is preferable to insert the metal ion last as 

the complexes of Br(MDPP) are rather insoluble (especially that of MnCl) and are 

more difficult to handle than the common intermediate trans-

[PtBr(H2DPP)(PPh3)2].  

 

The oxidative addition of Pt(dba)2 to meso-bromo-DPP in the presence of PPh3 

has also been shown to be an effective method of synthesising η1-organo platinum 

porphyrins in high yield. However, this method was unsuccessful when using 

chelating diphosphines. 
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In Chapter 4, the physical properties of meso- metalloporphyrins are reported 

including electrochemistry, fluorescence spectroscopy and crystal structure 

determinations. The fluorescence intensities of the meso-substituted porphyrins 

(freebase and zinc complexes) are dramatically reduced in comparison with the 

unsubstituted porphyrins. This fluorescence quenching is a dramatic example of 

the “heavy atom effect”. Electrochemical measurements of freebase and Ni(II) 

porphyrins indicate that the organometallic fragment is a strong electron donor. 

 

The visible absorption spectra for all Pd(II) and Pt(II) complexes are typical for 

diarylporphyrins. All groups other than H in the 5- or 5- and 15-positions cause a 

red shift of the major absorption bands for both the free bases and central-metal 

complexes.  

 

The crystal structure studies of the Pt(II) complexes include the complexes, cis-

[PtBr(MDPP)(PPh3)2] (M = H2, Ni), trans-[PtBr(MDPP)(PPh3)2] (M = H2, Ni, Zn 

and Co), trans-[PtCl(H2DPP)(PPh3)2] and trans-[PtBr(NiDPPBr)(PPh3)2]. In all 

these structures, the free bases are virtually planar while the metallo derivatives 

adopt a hybrid of the ruffled and saddled conformations. 

 

Chapter 5 contains the initial studies of chiral palladioporphyrins, using three 

different types of chiral chelating diphosphine ligands. These chiral 

palladioporphyrins are readily prepared by oxidative addition of the Pd(0) 

precursor with bromoporphyrin. The asymmetry of the chiral ligand is detectable 

at the remote β-pyrrole protons in all the chiral complexes as eight doublets are 

observed in 1H NMR spectra. The chirality of these ligands in the porphyrin 

complexes induces circular dichroism in the region of the porphyrin electronic 

absorption. High optical activity is observed for the BINAP complexes.  
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CHAPTER 1: INTRODUCTION 

1.1 Introduction to the porphyrin structure 

1.1.1 Basic structure 
Porphyrins are a large class of naturally occurring macrocyclic compounds with 

many important biological representatives including hemes and chlorophylls. 

Additionally there are multitudes of synthetic porphyrinoid molecules that have 

been prepared for a variety of purposes ranging from basic research to functional 

applications in society. All of these molecules share in common the porphyrin 

macrocyclic substructure. The parent compound, known as porphyrin (or 

porphine), consists of four pyrrole rings linked by methine bridges.1 The structure 

of the porphyrin and the numbering of the ring positions are shown in Figure 1.1. 
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Figure 1.1  The structure of porphyrin (or porphine) 

 

The meso-positions are numbered 5,10,15,20 and the β-positions are 

2,3,7,8,12,13,17,18. Two of the pyrrole rings in the porphyrin are in the oxidised 

state: their nitrogen atoms are of the pyridine type, with the unshared electron 

pairs orientated towards the inside of the macrocycle.  

 

If both the N-H bonds in the porphyrin molecule are ionised, a highly symmetrical 

dianion is formed in which all four nitrogens become equal because of the 

delocalisation of the negative charges. In this dianion all four unshared pairs of 

electrons are directed toward the inside of the macrocyclic cavity. The ionic radii 

of many metals allow them to fit within this cavity and the metal ions can be fixed 

in space by coordination bonds with the four porphyrin nitrogen atoms. Such 

compounds have considerable stability and are deeply coloured. 
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1.1.2 UV-visible spectra 
 

Porphyrins are well known for their intense colours, which are a consequence of 

the extensive macrocyclic conjugation. The UV-visible absorption spectra of 

5,15-diphenylporphyrin (H2DPP) and zinc(II)-5,15-diphenylporphyrin (ZnDPP), 

which are typical of free-base and metalloporphyrins, are shown in Figure 1.2. It 

is evident that the spectra consist of two distinct regions. In the near-UV region 

(370-430 nm) there is an intense absorption known as the “Soret band” which has 

typical extinction coefficients of approximately 1 x 105 M-1cm-1. The Soret band 

is characteristic of the 18π electron system. In the visible region (500-700 nm) a 

number of absorptions are present known as the “Q bands” which have extinction 

coefficients of approximately 1 x 104 M-1cm-1. 

 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

350 400 450 500 550 600 650

Wavelength (nm)

 (1
06  M

-1
 c

m
-1

)

x 10

 
Figure 1.2  UV-visible spectra of H2DPP (solid line) and ZnDPP (dotted line) 

(recorded in CH2Cl2). 
 

The free-base porphyrin (with two hydrogens in the centre) has a four-banded 

visible absorption spectrum distinctly different from the two banded visible 

spectrum shown by most metal complexes. This difference arises from the fact 

that the two free-base hydrogens in the centre strongly reduce the conjugated ring 

symmetry from square to rectangle (from D4h to D2h).  
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The four-orbital model developed by Gouterman et al. has been extensively used 

to explain the spectra of porphyrins and metalloporphyrins.2, 3 The light 

absorption in the visible part of the spectrum involves the excitation of electrons 

from the highest occupied π-bonding orbitals (HOMOs) to the lowest unoccupied 

antibonding orbitals (LUMOs). For a 4-coordinate metal complex with D4h 

symmetry, the frontier orbitals consist of two energetically similar orbitals of a1u 

and a2u symmetry (filled) and a pair of degenerate orbitals of eg symmetry 

(empty). The promotion of an electron from the HOMO to the LUMO is shown 

schematically in Figure 1.3. 

a1u
a2u

eg

a1u
a2u

eg

hv

 
Figure 1.3  Promotion of an electron from the HOMO to the LUMO for 

porphyrins with D4h symmetry. 
 

The a1u and a2u orbitals are very close in energy, so the transitions from them to 

the eg orbitals are almost energetically equivalent. Electron-electron interaction 

mixes the two transitions (Configuration Interaction, CI) and splits the transitions 

about their centre into the Soret and Q bands. Their energy depends on the nature 

of the substituents and metal ion. The CI effects also results in an increased 

intensity of the Soret band relative to the Q band. Often there is another band 

close by that is due to a vibrationally excited level. 

 

The lower symmetry of a non-metallated porphyrin causes the excitations to 

resolve into x and y symmetric orbitals and four Q bands are observed in the 

spectrum labelled Qx(0,0), Qx(1,0), Qy(0,0) and Qy(1,0) in order of increasing 

energy. Similarly, the Soret band decreases in intensity and broadens. 
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1.2 Porphyrin synthesis 

1.2.1 Choice of symmetry 
 

Porphyrin chemistry has progressed in great strides over the past years due to the 

potential applications of these compounds across a broad spectrum of scientific 

disciplines. The main theme in the synthesis of porphyrins is the arrangement of 

diverse substituents in specific patterns about the periphery of the macrocycle. 

The synthetic control over these substituents enables the porphyrin to be designed 

and tailored for specific applications. 

 

Two distinct patterns of substituents are illustrated in Figure 1.4.4 The β-

substituted porphyrins resemble naturally occurring porphyrins while the meso-

substituted porphyrins have no biological counterparts but have a wide application 

as biomimetic models and as useful building blocks in materials chemistry. 

 

N

NH N

HN N

NH N

HN

R

R

RR

R

R

R

RR

R

R

R

β-substituted porphyrin meso-substituted porphyrin  
Figure 1.4  Structures of β- and meso-substituted porphyrins 

 
The choice of which synthetic route to use depends upon the symmetry features of 

the product porphyrin. The meso-substituted porphyrins are popular to use due to 

their ease of synthesis and amenability toward synthetic modification. The wide 

availability and ease of manipulation of aldehydes enables diverse porphyrins to 

be constructed. The substituents at the meso-position can include alkyl, aryl, 

heterocyclic or organometallic groups as well as other porphyrins. 
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1.2.2 Tetraphenylporphyrins  
 
Tetraphenylporphyrin (TPP) was first synthesised by Rothemund in 1936,5-7 using 

benzaldehyde and pyrrole under acidic conditions (Scheme 1.1). The reaction was 

carried out in a sealed tube at high temperatures. 

 

N

NH N

HN

N
H

CHO

+
H+

 
Scheme 1.1  Formation of tetraphenylporphyrin 

 

The yields were low and the harsh conditions meant only a limited number of 

aromatic aldehydes survived the procedure. Adler and Longo made improvements 

to this method in 1967.8 They reacted benzaldehyde in refluxing propionic acid in 

open air. The reaction also works with a limited number of substituted 

benzaldehydes that are able to survive refluxing propionic acid. 

 

NH

NH HN

HN

N
H

CHO

+
N

NH N

HN

OxidantH+

 

Scheme 1.2  Formation of porphyrin from porphyrinogen 

 

The synthesis was optimised by Lindsey and coworkers in 1987.9 The Lindsey 

method relies on the formation of porphyrinogen as an intermediate in porphyrin 

synthesis (Scheme 1.2).4, 9, 10 A wide range of tetraarylporphyrins has been 
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obtained by using high dilution two step reactions between arylaldehydes and 

pyrrole, in the presence of a Lewis or aprotic acid catalyst. In the second step of 

the reaction, the initial product (a colourless porphyrinogen) is oxidised to 

porphyrin using a quinone such as 2,3-dichloro-5,6-dicyanoquinone (DDQ). 

 

1.2.3 [2+2] Porphyrin synthesis 
 
Porphyrins can also be prepared from dipyrromethanes using 2+2 syntheses. The 

term 2+2 comes from the condensation reaction of two dipyrromethanes 

(fragments containing two pyrrole units). MacDonald11 pioneered this work and 

the basic synthetic route is shown in scheme 1.3. 

 

NH

NH HN

HN N

NH N

HNNH

OHC
NH HN

HN

CHO
+

 
Scheme 1.3  2+2 Porphyrin synthesis 

 

The original MacDonald method involves the use of one dipyrromethane bearing 

two formyl groups alpha to the pyrrolic nitrogen and another dipyrromethane with 

no α-substitution. 

 

A variety of functional porphyrins can be prepared using this route and greater 

regioselectivity can be attained relative to the Adler and Lindsey methods. The β-

positions on the pyrrole rings can be differently functionalised and the bridging 

carbons can also be substituted.12-14 
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1.2.4 Diphenylporphyrin  
 
Diphenylporphyrin (DPP) combines some of the features of 5,10,15,20-

tetraphenylporphyrin, namely the unsubstituted β-positions and the meso phenyl 

groups, with some of the features of 2,3,7,8,12,13,17,18-octaethylporphyrin, 

namely the unsubstituted meso-positions, without being as difficult to prepare as 

the entirely unsubstituted parent compound porphine.15 

 

DPP was first reported in 1968 by Treibs and Haberle16 but the chemical 

properties unique to this molecule are only beginning to be explored. Although 

there are only a few reports on the synthesis of DPP16-19, there are many reports on 

its use.19 
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+
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+ +

CH2O

CH2O

A B
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Scheme 1.4  Principal pathways for the formation of 5,15-diphenylporphyrin 

 
The synthesis of DPP requires the establishment of two types of meso-carbons, 

one unsubstituted and one bearing a phenyl group.19 A [2+2]-type condensation 

reaction is used to form DPP where two dipyrrolic compounds incorporating one 

type of carbon bridge are fused together, thereby forming the other type of carbon 

bridge. The primary product is then oxidised to form DPP. Two of the many 

possible synthetic routes for DPP are shown in Scheme 1.4. 
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1.2.5 Diarylporphyrin 
 
Diarylporphyrins have also been obtained in high yields through the condensation 

of dipyrromethane with a variety of aromatic aldehydes, followed by oxidation 

(Scheme 1.5).17 One particular useful example is 5,15-bis(3’,5’-di-tert-

butylphenyl)porphyrin (DAP), whose bulky alkyl substituents prevent porphyrin 

aggregation, thus enhancing solubility. 

 

NH

NH HN

HN
+

N

NH N

HN

Oxidant

X
Y

Z

X
Y

Z

X
Y

Z

Z

Y
X

NH HN

X
Y

Z
CHO

 
Scheme 1.5  Diarylporphyrins 

 

1.3 Metalloporphyrins 
 
The ability of the porphyrin macrocycle to coordinate metals is one of the most 

widely studied areas in porphyrin chemistry. Metalloporphyrins are important 

natural compounds involved in electron transfer, respiration and photosynthesis.20 

 

The formation of metalloporphyrins is due to the ability of free-base porphyrins to 

complex almost any known metal ion with the pyrrole nitrogen atoms through the 

formation of N-metal σ-bonds.21, 22 (Scheme 1.6) 

N

NH N

HN N

N N

N
M

M2+

-2H

 
Scheme 1.6  Formation of metalloporphyrins 
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This area of porphyrin chemistry is well developed and encompasses not only the 

chelating of metal centres but also the investigation of metal-metal bonding and 

organometallic systems. 

1.4 Organometallic porphyrins 
 
Porphyrins are known to coordinate with most metallic and pseudometallic 

elements, and the synthesis of numerous different organometallic porphyrin 

derivatives containing one or more metal-carbon bonds is possible.23 The metal 

can coordinate through σ- or π-bonds to the carbon atoms. There are different 

forms of organometallic porphyrins, see Figure 1.5. 

 

M

R

M M'

M

R

M

M' M'

A B

C D  
 

Figure 1.5  Types of organometallic porphyrins 

 

The structure types A and B are characterised by σ-bonds to a metal through 

either the pyrrole nitrogen or through peripheral groups, while the structure types 

C and D are characterised by the π-bonds to the metal through either a peripheral 

aromatic system or by direct involvement of the aromatic porphyrin π system. 

 

1.4.1 Type A: σ-Bonds to central metals 
 
The most common types of organometallic porphyrins (type A) are those in which 

hydrocarbyl ligands are η1-bound to a metal ion centrally coordinated in a 

porphyrin.24 They are well known for both transition and main group metals, e.g. 

Co(III), Fe(III), Si(IV), etc. Also in this catergory falls a special class of aromatic, 
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porphyrin-related compounds that are identified by the presence of a CH motif in 

the inner macrocyclic perimeter. Among them are N-confused porphyrins and 

carbaporphyrins. 

 

N-Confused or ‘inverted’ porphyrins are a group of porphyrin isomers that have 

an inverted pyrrole subunit and were first reported in 1994.25-27 This macrocycle 

coordinates nickel(II) ions to form a very reactive σ-nickel(II)-carbon equatorial 

bond (Figure 1.6).25, 26, 28, 29 

 

N

N N

C
NH

Ph

Ph

Ni PhPh

 
Figure 1.6  Inverted or N-confused porphyrin complex 

 

Owing to the inner core carbon and outwardly pointing nitrogen, the N-confused 

porphyrin coordination chemistry differs greatly from that of normal porphyrins. 

They can serve as both a divalent and trivalent ligand with metals such as Ni(II), 

Ag(III), Sn(V), Cu(II), Pd(II), etc.29-32 The doubly N-confused porphyrins contain 

two confused pyrrole rings and are trivalent ligands.33-36 

 

Carbaporphyrins have one of the pyrrole rings replaced by an all-carbon ring. 

These systems share the same inner-core as N-confused porphyrins, with three 

internal nitrogen atoms and one carbon atom. (Figure 1.7)37 Only derivatives with 

two hydrogen atoms within the macrocyclic cavity generate organometallic 

derivatives.38, 39 Further work in this field has generated an aromatic core 

modified oxybenziporphyrin palladium complex.40 
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N

N

N

Ni

Me

Et

Et

MeEt

Me

 
Figure 1.7  Carbaporphyrin 

 

So far organometallic porphyrin chemistry has been largely restricted to this 

internal metal-carbon bonding. Examples of metal coordination to functionalities 

on the porphyrin other than the central nitrogen atoms are scarcer. 

 

1.4.2 Type B: σ-Bonds to peripheral substituents 
 
Different binding sites have been determined for coordination type B. However, 

many involve heteroatom functionalities at the periphery of the porphyrin to serve 

as ligands for another metal so these are not really organometallic (Figure 1.8).41 

Multiple meso-pyridyl groups on the porphyrin provide a new way to interconnect 

porphyrin structures.42-45 

N

N N

N

R

R

MR NM'L

  
 

Figure 1.8   meso-pyridyl porphyrin 
 

 

Only a few organometallic complexes have been reported. Sanders et al. set out a 

general design for model enzymes based on porphyrins and part of this strategy 

was to create a series of receptors of the same shape but with a range of cavity 

sizes using the same diarylporphyrin monomer as a building block. The platinum 
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linked analogue was designed to exhibit the same topology but with a larger 

cavity.46 The porphyrin trimer resulting from the alkyne-platinum-alkyne linkages 

is shown in Figure 1.9.46, 47 

 

N

N N

N

Zn

Me

EtEt

Me

Me

Et Et

Me

Pt
Et3P

PEt3

3

 
Figure 1.9   A cyclic trimeric porphyrin alkyne-platinum-alkyne linkages. 

 

Russo and coworkers have prepared platinum(II) ethyne-linked porphyrin 

complexes and oligomers with the aim of finding convenient precursors for the 

preparation of extended π conjugated organometallic polymers, suitable for 

applications in non-linear optics and photoluminescent devices (Figure 1.10).48 

 

N

N N

N

ZnC C

Me

EtEt

Me

Me

Et Et

Me

CC PtPt
PPh3

PPh3

Cl
PPh3

PPh3

Cl

 
 

 Figure 1.10   Porphyrin-bridged bis(triphenylphosphine)platinum dimer 
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1.4.3 Type C: π-Bonding through the peripheral substituents 
 

The π system of a peripheral substituent of a porphyrin can participate in the 

coordination of a metal (Type C). The first was described by Gogan and Siddique 

in 1970 (Figure 1.11).49, 50 The reactions of zinc(II) tetraphenyl porphyrin with 

hexacarbonyl chromium(0) yielded the tricarbonylchromium arene complex, 

where the tricarbonylchromium(0) species is π-bonded to a meso-phenyl 

substituent. 

N

N N

N

Cr(CO)3

M

 
Figure 1.11   Tricarbonylchromium complex of tetraphenylporphyrinatozinc 

 

Ferrocenyl porphyrins are also examples of type C organometallic porphyrins. In 

most cases the metallocene fragment is linked to the porphyrin meso- or β-

positions through various spacers. 51-58 Direct linkages through a single C-C bond 

at the meso-positions have been reported.59, 60 (Figure 1.12) 

 

N

NH N

HN
Fe

Fe

Fe

Fe

 
Figure 1.12   meso-tetraferrocenylporphyrin 
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Another example of type C is the β,β’-fused metallocene porphyrins, where a five 

membered ring (precursor of Cp-) is incorporated onto the porphyrin periphery. 

(Figure 1.13)61 

 

N

N
N

N

Ar

Ar

Ni
Ar

Ar

Ru

 
Figure 1.13   Ruthenocenoporphyrin 

 

1.4.4 Type D: π-Bonding through the aromatic porphyrin system 
 
The first example of π-bonding between the aromatic porphyrin system and a 

metal was described by Rauchfuss et al. in 1996 (type D).62 The treatment of 

octaethylporphyrinatonickel, [Ni(OEP)] with the arenophiles [(cymene)Ru]BF4 or 

[(cymene)Ru]F3CSO3, (cymene = p-isopropyltoluene) in dichloromethane at room 

temperature yielded a green complex of the composition [(η6-cymene)Ru-η5-

{Ni(OEP)}](BF4)2 (Figure 1.14). Other transition metals that have been used in 

these new types of sandwich complexes include iridium and osmium.62, 63  

N

N N

N
Ni

Et

Et

Et

EtEt

Et

Et

Et

Ru2+

2+

2 BF4
-

 
Figure 1.14    [(η6-cymene)Ru η5-{Ni(OEP)}](BF4)2 
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1.5 Peripherally-metallated organometallic porphyrins 
 

Until recently there have only been these four types of organometallic porphyrins, 

the fifth type is peripherally-metallated porphyrins where the metal is σ-bound to 

the edge of the porphyrin macrocycle (Figure 1.15).  

 

N

N N

N
M M'Ln

 
Figure 1.15   Peripherally metallated porphyrin 

 

In 1984, Smith and coworkers reported on the combined mercuration-palladation 

to make novel β-alkenyl porphyrin monomers.64-66 The zinc(II) porphyrin bearing 

unsubstituted β-positions can be mercurated at the β-position and at an adjacent 

meso-position (Figure 1.16). 

 

N

N N

N

Zn HgCl

HgCl

MeClHg

Me

Me

MeO2H2CH2C CH2CH2CO2Me

Me

 
Figure 1.16   Mercury porphyrin 

 

In 1998, Therien and coworkers reported the first example of meso-metallated 

porphyrin species where boronic esters are attached to a zinc(II) porphyrin (Figure 

1.17).67 Peripherally metallated porphyrinylboronic acids and their esters expand 
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the knowledge of reagents that can be utilised in metal-catalysed coupling 

reactions that form new bonds at the porphyrin periphery. 

 

N

N N

N

Zn B

Ph

Ph

O

O

 
Figure 1.17   meso-Boronated porphyrin 

 

Thus, peripherally metallated porphyrins, with few exceptions, have not been 

isolated or characterised.64, 67, 68 However, meso- and β-η1-palladium porphyrins 

are clearly implicated as intermediates in catalytic couplings used to prepare a 

variety of substituted porphyrins and oligo(porphyrins) from haloporphyrins.69-73  

 

Palladium(0)-catalysed C-C coupling reactions have been employed by a number 

of research groups to prepare novel porphyrins. Reactions involving Heck,66, 70, 73-

75 Suzuki,71, 76 Sonogashira69, 70, 75, 77-80 and Stille72, 73, 81, 82 couplings have afforded 

various substituted porphyrins, as well as multi-porphyrin arrays linked with or 

without associated aryl linkers. Therien and coworkers pioneered the use of meso-

haloporphyrins derived from diphenylporphyrin in alkyne couplings.72, 81, 82 

 

 

PORPHYRIN Br + PdL2 PORPHYRIN Pd Br
L

L

   Transmetallation, 
reductive coupling, etc.

PORPHYRIN R
 

Scheme 1.7    Catalytic cycle 
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An essential step in the catalytic cycle is oxidative-addition of the meso-carbon-to 

–bromine bond to zerovalent palladium species (Scheme 1.7). It is likely that the 

organopalladium porphyrins have interesting properties in their own right, rather 

than just as catalytic intermediates. The first report of a meso-η1-palladio 

porphyrin was by Arnold and coworkers in 1998.68  Further work in this field has 

been performed in parallel to this research project. Hartnell et al. reported on their 

recent work on substitution reactions at the Pt(II) centre using simple carbon 

nucleophiles such as phenyl- and porphyrinylethyne (Figure 1.18) and the use of 

triethylphosphine as supporting ligands.83 They also prepared organometallic 

porphyrins with Pd(II) and Pt(II) with chelating diamine ligands84 and the 

incorporation of meso-platinioporphyrins into multiporphyrin arrays. 85 The meso-

organometallic porphyrins form stable conjugates with various pyridine ligands 

and pyridyl-substituted porphyrins. 

 

N N

NN
Ni

N N

NN
NiPt

Ph

Ph Ph

Ph

PPh3

PPh3

 

Figure 1.18  trans-[Pt(NiDPP)(C2NiDPP)(PPh3)2] 
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1.6 Oxidative addition for the preparation of carbon-metal 
bonds 

 

Palladium organometallic complexes are versatile reagents in organic chemistry, 

as exemplified by the numerous palladium-catalysed molecular rearrangements, 

oxidation, substitution, elimination, carbonylation and range of C-C coupling 

processes that are observed.86 In many of these processes the oxidative addition of 

Pd(0) to Pd(II) is the crucial step in the catalytic cycle. 

 

Zerovalent palladium complexes are easily available and useable in their chemical 

form Pd0L4, e.g. tetrakis(triphenylphosphine)palladium(0) [Pd(PPh3)4]. However 

it has long been established that the active catalytic species is the low-ligated 

moiety, Pd0L2, formed by ligand dissociation in solution.87 (Scheme 1.8)  

 

Pd
L

L
L

L Pd
L

L
L

PdL
L

Pd
R

X
L

L
R XL + 2L +

18-electron
unreactive

16-electron
stable Pd(0)

14-electron
reactive

Oxidative 
addition

Pd(II)

 

Scheme 1.8   Ligand dissociation and oxidative addition 

 

The Pd0L2 catalyst is generally present only in trace amounts. Other methods have 

been employed for the generation in situ of the active moiety Pd0L2, from Pd(II) 

complexes and phosphine ligands.88 The complex 

tris(dibenzylideneacetone)dipalladium(0) [Pd2dba3] along with phosphine ligands 

has also been used as a source of Pd(0) complexes. The main advantage of using 

Pd2dba3 is that a variety of phosphine ligands can be used including mono- and 

bidentate phosphines77, 89 and that Pd2dba3 is much more air-stable than PdL4. 
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1.7 Outline of this project 
 

The global intention of this research project is to prepare a range of η1-meso-

metalloporphyrins with the peripheral metal ions Pd(II) and Pt(II) by 

systematically varying; i) the aryl groups attached to the lateral meso positions, ii) 

the subsidiary ligands on the η1-bonded metal centre, and iii) the central metal ion 

in the porphyrin. 

 

The synthesis of diarylporphyrin requires the establishment of two types of meso-

carbons, one unsubstituted and one bearing an aryl group. Almost any desired aryl 

group can be used in the porphyrin skeleton, since it is formed by [2+2] 

cyclisation of two moles each of arylaldehyde and dipyrromethane. (Scheme 1.9) 

This allows control of the polarity, hydrophobicity and bulk in this part of the 

molecule. 

 

The early work has been carried out on derivatives of DPP as they are reasonably 

soluble in chlorinated solvents and to a lesser extent in aromatics and ethyl 

acetate. However, the dibromo derivative is not very soluble unless metallated. To 

broaden the solubility profile other aryl groups will be used to form 5,15-

bis(3’,5’-di-tert-butylphenyl)porphyrin (DAP) and 5,15 ditolylporphyrin (DTP). 
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Scheme 1.9   Starting material 
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The auxiliary neutral ligands on the η1-bonded metal centre can present another 

method of controlling the electronic and steric properties of the metallo-

substituents and hence the complete structure. The examples given in Scheme 

1.10 show that these ligands can be monophosphines (I,II), (which give trans-

isomers for Pd and cis- and trans-isomers for Pt) and chelating diphosphines (III-

V). The chelating diphosphines used will include 1,2-

bis(diphenylphosphino)ethane (dppe)68, 1,3-bis(diphenylphosphino)-propane 

(dppp) and 1,1’-bis(diphenylphosphino)ferrocene (dppf) together with chiral 

ligands such as 2,2’-bis(diphenylphosphino)-1,1’-binaphthyl (BINAP) and 2,3-

bis(diphenylphosphino)butane (CHIRAPHOS). 

M
L

L
Por Br M

L

Br
Por L

M
L

Br
Por L

M
L

Br
Por LM

L

Br

L M
Br

L
Por LM

L

Br
L

Por = porphyrin
M   = Pd, Pt
L     = PPh3
L-L = dppe, dppp, dppf,
         BINAP, CHIRAPHOS

I II

III

IV V  
Scheme 1.10   Proposed structures 

The porphyrin macrocycle can accommodate almost any metal ion. However only 

the free-base and the nickel(II) derivatives had been explored at the start of this 

work.68 For possible applications in catalysis, it will be necessary to incorporate 

metal ions that can coordinate extra ligands [eg. Zn(II), Co(II), Mn(III) and 

In(III)] or undergo changes in oxidation state (eg. Mn, Co). The central metal ion 

could conceivably be introduced either before or after the formation of the 

peripheral C-M bond. 

 

meso-Metalloporphyrins are a new field of research that combines organometallic 

and porphyrin chemistry. 
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1.8 Compound numbering 
 

Table 1.1  Compound numbering 

N

N N

N

R

R

YX M

 

Cpd. M R X Y Ref. 

1 H2 Ph H H 16-18 

2 H2 Ph H Br 69, 73 

3 H2 Ph Br Br 69, 72 

4 H2 3,5-di-tert-butylphenyl H H 17 

5 H2 3,5-di-tert-butylphenyl H Br 90 

6 H2 3,5-di-tert-butylphenyl Br Br 90 

7 H2 Tolyl H H 17, 91 

8 H2 Tolyl H Br  

9 H2 Tolyl Br Br  

10 Ni Ph H H 69, 92 

11 Ni Ph H Br 69 

12 Ni Ph Br Br 69 

13 Ni 3,5-di-tert-butylphenyl H H  

14 Ni 3,5-di-tert-butylphenyl Br Br  

15 Ni tolyl H H  

16 Ni tolyl H Br  

17 Ni tolyl Br Br  

18 Zn Ph H H 72, 93 

19 Zn Ph H Br 72 

20 Zn Ph Br Br  

21 Co Ph H H 93 

22 Co Ph H Br  

23 MnCl Ph H H  

24 MnCl Ph H Br  
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25 MnCl 3,5-di-tert-butylphenyl H H  

26 InCl Ph H H  

27 InCl Ph H Br  

28 H2 Ph H PdBr(PPh3)2   

29 Ni Ph H PdBr(PPh3)2   

30 Zn Ph H PdBr(PPh3)2   

31 H2 Ph H PdBr(dppe) 69 

32 H2 Ph H PdBr(dppp)  

33 H2 Ph H PdBr(dppf)  

34 H2 3,5-di-tert-butylphenyl PdBr(dppf) PdBr(dppf)  

35 Ni 3,5-di-tert-butylphenyl PdBr(dppf) PdBr(dppf)  

36 H2 Ph H cis-PtBr(PPh3)2   

37 H2 Ph H trans-PtBr(PPh3)2   

38 H2 Ph H trans-PtCl(PPh3)2   

39 Ni Ph H cis-PtBr(PPh3)2   

40 Ni Ph H trans-PtBr(PPh3)2   

41 Zn Ph H trans-PtBr(PPh3)2   

42 Co Ph H trans-PtBr(PPh3)2   

43 MnCl Ph H trans-PtBr(PPh3)2   

44 InCl Ph H trans-PtBr(PPh3)2   

45 H2 Ph Br trans-PtBr(PPh3)2   

46 H2 Ph trans-PtBr(PPh3)2 trans-PtBr(PPh3)2   

47 Ni Ph Br trans-PtBr(PPh3)2   

48 Ni Ph trans-PtBr(PPh3)2 trans-PtBr(PPh3)2   

49 Ni Ph PdBr(PPh3)2  trans-PtBr(PPh3)2   

50 H2 Ph H PdBr(R,R-CHIRAPHOS)  

51 Ni Ph H PdBr(R,R-CHIRAPHOS)  

52 Ni Ph H PdBr(S,S-CHIRAPHOS)  

53 Ni Ph H PdBr(R-tol-BINAP)  

54 Ni Ph H PdBr(S-tol-BINAP)  

55 Ni tolyl H PdBr(R-tol-BINAP)  

56 Ni tolyl H PdBr(S-tol-BINAP)  

57 Ni Ph H PdBr(R,R-diphos)  

58 Ni Ph H PdBr(S,S-diphos)  
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CHAPTER 2: PALLADIUM COMPLEXES 

2.1 Introduction 

 

The oxidative addition of aryl halides to Pd(0) phosphine complexes has been 

used for many years to prepare aryl palladium(II) compounds.1 Palladium-

catalysed coupling reactions have been employed to prepare novel porphyrins. 

Numerous coupling reactions of Heck, Suzuki, Sonogashira and Stille types have 

also been used to prepare substituted porphyrins and multi-porphyrin arrays.2-5 

The most direct entry to this chemistry is via meso-haloporphyrins,6-8 which are 

readily prepared in the case of β-unsubstituted porphyrins of 5,15 diaryl-type. 

 

The use of 5,15-diarylporphyrins such as 5,15-diphenylporphyrin (H2DPP, 1) in 

this area was pioneered by Therien’s group,8 and this porphyrin is ideal for 

chemistry at the remaining lateral meso-positions, since these two edges of the 

macrocycle are sterically unencumbered. In couplings of the meso-haloporphyrin 

using Pd(0) and phosphines, an essential step in the catalytic cycle is the oxidative 

addition to form a meso-palladioporphyrin. By using stoichiometric (rather than a 

catalytic) amount of tetrakis(triphenylphosphine)palladium(0) (Pd(PPh3)4) with 

the haloporphyrin the organopalladium(II)porphyrin is isolated.9  

 

2.2 Synthesis and general properties of mono-palladium 

complexes 

 

The oxidative addition of the aryl-bromine bond requires a suitable Pd(0) 

phosphine precursor, most often Pd(PPh3)4 or tris(dibenzylideneacetone)-

dipalladium(0) (Pd2dba3) plus triphenylphosphine (PPh3) is used. By using the 

universal precursor Pd2dba3, it is now possible to incorporate the chelating 

diphosphines, namely bis(diphenylphosphino)ethane (dppe), -propane (dppp) and 

-ferrocene (dppf). (See Scheme 2.1) 
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Scheme 2.1  Preparation of mono-palladium complexes 
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The first two structures (28 and 31) in Scheme 2.1 were originally prepared by the 

Arnold group in 1998 and the crystal structure of 31 was determined.9 The 

isolation of the intermediate organopalladium(II)porphyrin was confirmed by 

carrying out the reaction of the haloporphyrin with a stoichiometric amount of 

Pd(PPh3)4 in near boiling toluene as the solvent. It was shown by TLC analysis 

that the reaction was complete in less than 40 minutes. The solvent was removed 

and the glassy residue was triturated with ether to dissolve selectively the excess 
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phosphine, leaving the organopalladium porphyrin as a solid residue. In all cases, 

TLC demonstrated quantitative conversion of the haloporphyrin to 

palladioporphyrins. Apart from the partial exchange of the chloro for bromo 

ligand (encouraged by the high trans-effect of the σ-bound porphyrin ligand), the 

compounds all survived recrystallisation from CH2Cl2-hexane, provided the 

recrystallisation is fairly rapid. Storage in solution in the presence of methanol for 

more than a day, results in the protolysis of the Pd-porphyrin bond, forming the 

starting porphyrin. The compounds were fairly stable in CDCl3, enabling good 1H 

and 31P-NMR spectra to be obtained. These DPP derivatives are not sufficiently 

soluble in solvents other than CH2Cl2 and CHCl3 to eliminate the chloro-bromo-

exchange. 

 

The reactions of the bidentate phosphines proceeded similarly to those of the 

mono phosphines. The dppf ligand was recommended by Therien as being 

particlarly active in the catalysis of coupling reactions with bromoporphyrins.8 In 

the original communication,9 it was reported that the reaction for dppe required 

some 8 hours heating, where upon further investigation revealed that the reaction 

is in fact completed within 2.5 hours. The fastest of these reactions is that of dppf, 

which is in agreement with its good performance in coupling reactions. 

 

The use of Pd complexes containing the dba ligand in catalytic processes has 

generated some dispute in the literature as to the exact nature of the Pd-dba 

species present in solution and of the complexes formed in situ by the addition of 

various proportions of mono- and bidentate phosphines.10-12 This problem was of 

no interest per se except through simply finding the conditions which gave good 

yields of the porphyrin products. The use of a ratio porphyrin-Br:Pd2dba3 of 2:1 

gave only 50% conversion of the substrate. Hence all these experiments used two 

equivalents of Pd per porphyrin, with enough phosphine ligand to give a ratio of 

>2P per Pd, thereby creating conditions to give >90% conversion of the substrate. 
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2.3 NMR Spectra of mono-palladium complexes 
 

2.3.1 Monodentate phosphine palladium complexes 
 

The Pd complexes with monodentate phosphine ligands, namely 28-30, all exhibit 

sharp 1H NMR spectra, for example 28 is shown in Figure 2.1. These spectra are 

readily assignable from integration and comparison with the spectra of the starting 

material. (see Table 2.1) Partial exchange of Cl for Br led to the observations of 

small peaks almost coincident with those of the bromo complexes.  

 

 
Figure 2.1  1H NMR spectrum of PdBr(ZnDPP)(PPh3)2 30 

 

The phenyl groups of the PPh3 ligands appear upfield of the CHCl3 signal, as 

expected for their location in the shielding zone of the magnetically anisotropic 

porphyrin ligand, because the L-Pd-L vector spends most of the time 

approximately orthogonal to the porphyrin plane. Therefore the rotation of the 

PdL2Br moiety about the Pd-porphyrin bond is slow enough on the NMR time 

scale at 300 MHz and the rotations about the Pd-L and P-Ph bonds are fast enough 

so that the sharp signals are observed for these phenyl protons.(see Figure 2.2) 
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Figure 2.2  Geometry of the trans-bis(triphenylphosphine) derivatives 

 

When compared with the bromoporphyins, only small changes are apparent in the 

chemical shifts of the 10,20-phenyl protons, the β-pyrrole protons (which appear 

as doublets, J ≈ 4.8Hz) and the remaining 15-meso-proton. The 31P spectra of 28-

30 exhibit single resonances near 30 ppm. The signals for the β-protons on 

carbons 3 and 7 flanking the large metallo substituent appear well downfield from 

the others, in the same region as the 15-meso-proton. 

 

Table 2.1  1H and 31P NMR peaks for the trans-bis(triphenylphosphine)derivatives 

and their starting material. 
1H (ppm) 2 28 11 29 19 30 
NH -3.0 -3.4     
PPh  6.42  6.6  6.4 
PPh  7.15  7.2  7.2 
m-, p-10,20-Ph 7.8 7.71 7.7 7.6 7.8 7.7 
o-10,20-Ph 8.21 8.1 8.0 7.91 8.22 8.12 
β-H 8.95 8.37 8.82 8.24 9.04 8.53 
β-H 8.96 8.82 8.83 8.69 9.05 8.93 
β-H 9.27 9.12 9.06 8.94 9.37 9.22 
β-H 9.73 9.65 9.55 9.40 9.82 9.79 
meso-H 10.16 9.83 9.75 9.55 10.23 9.94 

       
31P (ppm)  24.55  29.8  25.0 
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2.3.2 Diphosphine palladium complexes 
 

 
Figure 2.3  1H NMR spectrum of PdBr(H2DPP)(dppp) 32 

 

The situation is more complex for the chelating diphosphines. The proton signals 

for the phenyl groups overhanging the porphyrin plane shift even further upfield 

than for 28 – 30. The signals remain fairly sharp for the dppe and dppp products 

31 and 32, for example see Figure 2.3 and Table 2.2. However for the ferrocenyl 

derivative 33 (Figure 2.4), the signals for the protons on one of the Cp rings are 

broad, especially the signal at 4.9 ppm and to a lesser extent, its partner at 4.55 

ppm. The signals in the region 5-7 ppm for one pair of phenyl groups (by 

comparison with the rest of the series, the phenyls on the P cis to DPP) are 

extremely broad (Table 2.2). By considering the various intramolecular motions 

possible for 33, it is reasonable to assume that this behaviour is due to the 

restricted rotations and/or oscillations about the bonds indicated in Figure 2.5, as 

well as within the ferrocenyl moiety. 

 
Figure 2.4  1H NMR spectrum of PdBr(H2DPP)(dppf) 33 (x = solvent peaks) 
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Figure 2.5  The possible rotations about the bonds in 33 

N

NH N

HN

Ph

Ph

Pd

P

Br

P

Fe

 

Table 2.2  1H and 31P NMR peaks for the chelating diphosphine derivatives and 

their starting material. 
1H (ppm) 2 31 32 33 
NH -3.0 -2.95 -2.95 -3.25 
m-PPh on P cis to DPP  6.24 5.52  
o-PPh on P cis to DPP  6.48 5.60 5.4 
p-PPh on P cis to DPP  6.72 6.16 6.2 
PPh on P trans to DPP  7.6-7.8 7.5-7.7 7.6-7.8 
PPh on P trans to DPP  8.05 8.07 8.11 
PPh on P trans to DPP  8.24 8.29 8.26 
10,20-Ph 7.7-7.8 7.6-7.8 7.5-7.7 7.6-7.8 
10,20-Ph 8.21 8.3-8.4 8.17 8.48 
β-H 8.95 8.52 8.65 8.73 
β-H 8.96 8.87 8.85 8.84 
β-H 9.27 9.18 9.15 9.11 
β-H 9.73 9.52 9.82 10.00 
meso-H 10.16 9.94 9.95 9.81 

    
31P (ppm)  42.6 -1.4 18.5 

 57 21.2 37.5 
    

 

The 31P spectra of the chelated derivatives of Pd(II) all show the expected AB 

spectra, with 2JPP typical for these ligands (Table 2.2, dppe 2JPP: 28 Hz, dppp. 2JPP: 

53 Hz, dppf  2JPP: 34 Hz) A typical example is shown in Figure 2.6. 
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Figure 2.6  31P NMR spectrum of PdBr(H2DPP)(dppp) 32 

2.4 Mass and UV-vis absorption spectra of mono-palladium 
complexes 

 

All the complexes in the series except for 32 gave molecular ions (or protonated 

molecular ions for those containing H2DPP) in FAB mass spectra. As CH2Cl2 was 

used as the solvent for introducing the compound to the matrix, the molecular ions 

of the chloro complexes were also observed. Fragmentation was also apparent and 

logical losses could be easily recognised. Although 32 did not exhibit a molecular 

ion, the fragments [Pd(dppp)Br], [Pd(dppp)] and H2DPP were observed, as well as 

the dimer [Pd(dppp)Br]2. The similar compound 31 gave only a very weak 

molecular ion cluster. The laser desorption technique (with or without matrix) did 

not allow the observation of any molecular ions, but unusually for this technique, 

extensive fragmentation was apparent.  

 

Table 2.3  Wavelengths for the principal UV-vis absorption bands for the mono-

meso-palladioporphyrins and their precursors (in CH2Cl2 solutions) 

λmax (nm)  
Freebases   

 Soret IV III II I 
1 405 502 535 575 630 
2 420 510 545 587 642 
28 428 522 560 600 654 
31 414 509 544 580 634 
32 426 520 557 592 647 
33 426 521 558 594 649 
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Metal Complexes  
 Soret Q(1,0) Q(0,0)  

10 399 514 547  
11 409 523 555sh  
29 420 529 560sh  
18 407 535 569  
19 416 547 588  
30 430 550 594  
     

 

The visible absorption spectra are typical for DPP derivatives. The wavelength of 

the principal visible absorption bands for all the Pd complexes and their 

precursors are collected in Table 2.3. Several trends are apparent, even in this 

limited set of data. All groups other than H in the 5-position cause a red shift for 

both the free base and central metal complexes and these shifts are typical of DPP 

systems.8, 13  

 

2.5 Synthesis and general properties of bis-palladium complexes 
 

In order to investigate the rotation about the Pd-porphyrin bond, the very crowded 

bis-derivativies 34 and 35 were prepared by oxidative addition of 5,15-dibromo-

10,20-diarylporphyrin 6 or its Ni(II) complex 14 to the Pd(0) precursor in de-

areated toluene at 105°C (Scheme 2.2).  

 

Scheme 2.2  Preparation of bis-palladium complexes 
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The products were formed within 15 minutes in high yields as a solid precipitate 

in the near boiling toluene. 

 

The choice of porphyrin used for these bis-Pd complexes was chosen from the 

solubility of the di-bromoporphyrins. Br2(H2DPP) 3 has low solubility while 

Br2(H2DAP) 6 is more soluble thus making the reaction concentrations higher. 

 

2.6 NMR spectra of bis-palladio complexes 
 

The proton signals for these ferrocenyl derivatives (34 and 35) are similar to the 

spectra for the mono ferrocenyl DPP complex 33 in that the signals for the protons 

on the Cp rings are broad, especially the signal at 4.88 ppm and to a lesser extent 

its partner at 4.48 ppm (Table 2.4). The signals for the phenyl groups on the P cis 

to DAP are extremely broad. For example see Figure 2.7. 

 

 

 

Figure 2.7  1H NMR spectrum of bis-[PdBr(dppf)](NiDAP) 35 
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Table 2.4 1H and 31P NMR Peaks for the dppf derivatives and their starting 

material 
1H (ppm) 2 33 6 34 14 35 
NH -3.0 -3.25 -2.70 -3.60   
t-butyl group   1.50 1.55 1.56 1.55 
3,4-Cp trans to Por  3.65  3.5  3.54 
2,5-Cp trans to Por  4.17  4.12  4.12 
3,4-Cp cis to Por  4.55  4.48  4.48 
2,5-Cp cis to Por  4.90  4.88  4.85 
PPh on P cis to Por  5.4  5.4  5.85 
PPh on P cis to Por  6.2  6.18  6.40 
10,20-Ph 7.7-7.8 7.6-7.8 7.7-7.8 7.6-7.8 7.7-7.8 7.6-7.8
PPh on P trans to Por  7.6-7.8  7.6-7.8  7.6-7.8
PPh on P trans to Por  8.11  8.05  8.03 
PPh on P trans to Por  8.26  8.26  8.26 
10,20-Ph 8.21 8.48 8.02 8.53 7.85 8.41 
β-H 8.95 8.73 8.88 8.65 8.77 8.48 
β-H 8.96 8.84     
β-H 9.27 9.11 9.62 9.78 9.44 9.55 
β-H 9.73 10.00     
meso-H 10.16 9.81     

      
31P (ppm)  18.5  12.5  12.6 

 37.5  32.4  32.3 
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Figure 2.8  31P NMR spectrum of bis-[PdBr(dppf)](NiDAP) 35 at -90°C 

 

The 31P spectra for these ferrocenyl derivatives of Pd(II) both showed the 

expected AB spectra, with 2JPP typical for the dppf ligand (34 Hz). However, the 
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NMR spectrum is temperature dependent due to the slow rotation of various 

bonds. The atropisomers due to Pd-C rotation are visible in the 31P spectrum at -

90°C in CD2Cl2/CDCl3 (Figure 2.8). The signal for P2 broadens and then resolves 

into 2:1 distribution (presumably anti:syn). 

 

2.7 Mass and UV-vis absorption spectra of bis-palladium 
complexes 

 

These two ferrocenyl derivatives (34 and 35) both gave protonated molecular ions 

in FAB mass spectra. As CH2Cl2 was used as the solvent for introducing the 

compound to the matrix, the molecular ions for the chloro complexes were also 

observed. Fragmentation was also apparent and logical losses could easily be 

recognised. 

 

The visible absorption spectra are typical of DAP derivatives. The wavelengths 

for the principal UV-vis absorption bands for the di-meso-palladioporphyrins and 

their precursors are collected in Table 2.5. Even with this limited set of data a 

trend can be seen in that all groups other than H in the meso-5,15-positions cause 

a red shift for both the freebase and Ni complex. These shifts are typical of 

diarylporphyrin systems.8, 13 

 

Table 2.5  Wavelengths for the principal UV-vis absorption bands for the di-

meso-palladioporphyrins and their precursors (in CH2Cl2 solutions) 

λmax (nm)  
Freebases  

 Soret IV III II I 
4 409 504 539 575 632 
6 423 523 559 603 660 
34 446 547 585 623 682 

  
Metal Complexes  

 Soret Q(1,0) Q(0,0)  
13 403 515 546  
14 421 536 567sh  
35 441 550 590  
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2.8 Summary 
 

The oxidative-addition of meso-bromoporphyirn to Pd(0) fragments yielded the 

organopalladium porphyrin. In all cases, quantitative conversion of the 

haloporphyrins to palladioporphyrins was demonstrated by TLC. Although 

isolated and recrystallised yields were up to 65% for some products, with the 

losses occurring because of the need to remove dba and excess phosphine ligands. 

Apart form the partial exchange of chloro for the bromo ligand all compounds 

survived recrysallisation from CH2Cl2-hexane and also CH2Cl2-methanol, 

provided that the precipitation is fairly rapid. Storage in solution in the presence 

of methanol for more than a day resulted in protolysis of the Pd-porphyrin bond, 

forming the parent porphyrin. 

 

The Pd complexes with monodentate phosphine ligands all exhibited sharp 1H 

NMR spectra while the Pd complexes with bidentate chelating phosphine ligands 

were more complex. The 31P NMR spectra of the chelated derivatives showed the 

expected AB spectra, with 2JPP typical for these ligands. Informative trends have 

emerged by comparing chemical shifts of the porphyrin protons across this series. 

As usual, the β-pyrrole and meso protons for the Ni(II) complexes appear up field 

of those for the corresponding freebases. When both the 5- and 15-carbons are 

substituted with Pd(II), the β-pyrrole are shifted further up-field.  

 

The visible absorption spectra were typical for DPP and DAP derivatives. All 

groups other than H in the 5- or 5- and 15-positions caused red shift for both the 

free bases and central metal complexes. The spectra are sensitive to the steric 

demands of the meso substituents. For the doubly substituted complexes there is a 

significant red shift for all bands with respect to the parent porphyrin. 
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CHAPTER 3: PLATINUM COMPOUNDS 

 

3.1 Introduction 
 

3.2 Synthesis and general properties of mono-platinum complexes 
 

Pd(II) and Pt(II) complexes are generally square planar and M(R)(X)(L2) complexes 

exhibit cis-trans-isomerism. Only the trans-isomers of the Pd(II) complexes have 

been isolated, all attempts to isolate a cis-isomer were met with failure. Pairs of cis- 

and trans-isomers of Pt(II) complexes have been isolated from the bromoporphyrins 2 

and 11 with tris(triphenylphosphine) platinum(0) [Pt(PPh3)3] (Scheme 3.1). In both 

cases, the conversion of the starting material to Pt(II) complexes was evident by TLC 

almost immediately upon mixing in hot toluene. In each of these cases, it was clear 

that the initially formed Pt(II) complex was being slowly converted into another 

product, which is more mobile on TLC. By interrupting the reaction during this 

conversion and isolating the products by column chromatography, the first addition 

products were shown to be the respective cis-isomers 36 and 39. The final products 

are the trans-isomers 37 and 40. 
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Scheme 3.1  Preparation of mono-platinum isomers 
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Cis and trans-Pt(II) complexes can be isomerised in solution in the presence of a 

nucleophile, thermally, photochemically or spontaneously.1 For these complexes it 

was determined that they are thermally activated as the cis-isomer isomerised to the 

trans-isomer over a period of 6 hours with heating to 105°C in toluene, even in the 

absence of excess ligand. At room temperature, the two isomers are geometrically 

stable and survived unchanged through column chromatography and slow 

crystallisation. However a sample of the cis-isomer 36 was left in CH2Cl2/hexane 

solution for a period of 3 months and it was converted to the trans-isomer 38 through 

nucleophillic exchange of the Br to Cl. The geometry of these products was confirmed 

by crystal structure determinations (see Section 4.2). 

 

3.3 Metallation of the meso-platinioporphyrin 

 

The porphyrin ligand can accommodate almost any desired metal ion. For possible 

applications in catalysis, it would be necessary to incorporate metal ions that can 

coordinate extra ligands or undergo changes in oxidation state. The central metal ion 

can be introduced either before or after the formation of the peripheral C-M bond. 
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These two strategies shown in Scheme 3.2 were used to obtain the series of complexes 

trans-[PtBr(MDPP)(PPh3)2]. The sequence Br(H2DPP) → Br(MDPP) → trans-

[PtBr(MDPP)(PPh3)2] involves the metallation followed by oxidative addition to 

Pt(0), while the alternative sequence involves the opposite order of reactions. It is 

preferable to use the latter sequence as the complexes of Br(MDPP) are rather 

insoluble (especially that of MnCl) and are more difficult to handle than the common 

intermediate trans-[PtBr(H2DPP)(PPh3)2] (37). The peripheral C-M bond produced 

some deactivation of the porphyrin, requiring a longer time for the insertion of the 

central metal ion. For the purposes of spectroscopic comparison, both sequences were 

carried out on the metal ions Ni(II), Zn(II), Co(II), Mn(III) and In(III). Also to assist 

in assigning the 1H NMR spectra of the complexes of the paramagnetic Mn and Co 

ions, their complexes with H2DPP 1 and Br(H2DPP) 2 were also prepared. 

 

For the alternate route to the complexes containing the trans-PtBr(PPh3)2 moiety, 

namely metallation of the freebase trans-[PtBr(H2DPP)(PPh3)2] 37, the same 

metallation method as for Br(MDPP) was employed. In these reactions a precaution 

was taken by adding excess triethylamine as an acid scavenger in case the Pt-C bond 

was labile under metallation conditions. The metallations of this remarkable freebase 

are unexpectedly rather slow under these conditions and in fact, required a very long 

time for such a reaction. Insertion of Zn(II) into octaalkylporphyrins takes only 

seconds, although diarylporphyrins require longer times. By omitting the base, 

insertion was completed in less than 3 hours and there was no evidence of acid 

cleavage of the Pt fragment, so addition of the base would appear to be unwarranted 

in future. 

 

The initial method used for the insertion of In(III) required DMF as the solvent at 

105°C with InCl3 and 37. However In(III) was not inserted but it did produce an 

exchange of halogen on the Pt moiety, producing trans-PtCl(H2DPP)(PPh3)2 38. With 

the Pt moiety being stable from acid cleavage, a second method2 was used to insert 

In(III), using glacial acetic acid, containing sodium acetate, InCl3 and the free base 

porphyrin. The complexation reaction was determined spectroscopically by the 

disappearance of the 500-515 nm peak characteristic of the free base porphyrins and 
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the appearance of a peak characteristic of the indium porphyrin complexes in the 550-

560 nm region. 

 

The method of Borovkov et al. was used to insert Mn(III),3 using MnCl2 in the 

presence of 2,6-lutidine as base, but as for complexes of the DPP ligand, metal 

insertion is much slower than for octaalkylporphyrins. Shelnutt and co-workers4 

prepared CoDPP 21, however the electronic spectral data were not reported. Their 

method was used for the insertion of Co(II). The Ni(II) and Zn(II) complexes of 

H2DPP and Br(H2DPP) were reported by Arnold and coworkers5 and Therien and 

coworkers,6 respectively. 

 

The conversion of Br(MDPP) metalloporphyrins into the respective trans-

[PtBr(MDPP)(PPh3)2] complexes was achieved by oxidative addition to the Pt(0) 

precursor Pt(PPh3)3 under the standard conditions of heating in near boiling toluene. 

The reaction was continued long enough for the initially formed cis adducts to be 

converted to the trans complexes (ca. 6 hours). As stated in section 3.1, the cis 

adducts [PtBr(H2DPP)(PPh3)2] 36 and [PtBr(NiDPP)(PPh3)2] 39 could be isolated by 

interupting the reaction after partial conversion of the bromo starting material. 

Purification of trans-[PtBr(CoDPP)(PPh3)2] 42 and trans-[PtBr(ZnDPP)(PPh3)2] 41 

was achieved by column chromatography, but the analogous MnCl complex 43 and 

InCl 44 was immobile on silica gel in weakly polar solvents, presumably due to 

binding of active sites to the axial position, so recrystallisation was used for 

purification. 
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3.4 Synthesis and general properties of bis-platinum compounds 
 

In the interest of preparing more crowded organoplatinum porphyrins the 

dibromoporphyrins were treated with excess Pt(PPh3)3. (Scheme 3.3) 
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Scheme 3.3  Preparation of bis-platinum compounds 

 

The maximum yields of the bis-Pt compounds (46 and 48) were 32% after 

chromatographic separation from the intermediate mono-Pt compounds (45 and 47). 

 

3.5 NMR spectra of platinum complexes 
 

The diamagnetic Pt complexes all exhibit sharp 1H NMR spectra, which were readily 

assignable from integration and comparison with the spectra of the starting 

porphyrins. For the cis-isomers, cis-[PtBr(H2DPP)(PPh3)2] 36 and cis-

[PtBr(NiDPP)(PPh3)2] 39, the signals in the region 6-7 ppm for the phenyls on P cis to 

DPP are extremely broad and this corresponds with the behaviour seen for chelating 

diphosphines in the Pd series (Section 2.3.2). In the Ni complex 39, the signals due to 

the ortho- protons of the 10,20-phenyl groups are also broad at room temperature. 

(Figure 3.1) The signals for the β-protons on carbons 3 and 7 flanking the large 

metallo substituent appear well down field from the others, even downfield from the 

15-meso-proton. 
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Figure 3.1 1H NMR spectrum of cis-[PtBr(NiDPP)(PPh3)2] 39 

 

In the 31P NMR spectra for the cis-isomers 36 and 39, the widely differing trans-

influences of the ligands results in 1JPtP values of 4276 and 4248 Hz for P trans to Br 

and 1775 and 1795 Hz for P trans to DPP, respectively. Thus the meso-η1-porphyrin 

ligand behaves on Pt(II) as a typical σ-bound hydrocarbyl group.1 Interestingly, for 36 

the two intrinsically non-equivalent phosphorus nuclei are accidentally isochronous, 

but the appearance of the satellites as doublets (1JPP 17.2 Hz) with Pt-P coupling 

constants as above, unambiguously determines the stereochemistry about Pt (Figure 

3.2). For the Ni(II) complex 39, the two 31P signals differ in chemical shift by only 0.4 

ppm. 

 
 

Figure 3.2  31P NMR spectrum of cis-[PtBr(H2DPP)(PPh3)2] 36 
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The 1H and 31P NMR spectra of the trans-isomers of the diamagnetic complexes are 

typical of this class of compound. (Figures 3.3 and 3.4) The trans-bis(phosphine)Pt 

unit exhibits a singlet 31P resonance with 195Pt satelites, and 1JPtP values as expected 

for P trans to P (ca. 2950 Hz). 

 

 
Figure 3.3 1H NMR spectrum of trans-[PtBr(ZnDPP)(PPh3)2] 41 

 
Figure 3.4 31P NMR spectrum of trans-[PtBr(ZnDPP)(PPh3)2] 41 

 

The substituent effect of the Pt fragment can be assessed by considering the chemical 

shifts of the porphyrin peripheral protons, most easily at the opposite meso-position. 

In all cases, there is an upfield shift of this resonance with respect to the position of 

the precursor bromoporphyrin. The meso-proton chemical shifts for the 

bromoporphyrin are likewise upfield of those in the respective unsubstituted 

porphyrins. 
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When both the 5- and 15-carbons are substituted with the Pt fragment, 46 and 48, the 

β-pyrrole protons and those of the 10,20-phenyl groups are shifted upfield. (Figure 

3.5) 

 

 
Figure 3.5 1H NMR spectrum of bis-[trans-PtBr(PPh3)2](NiDPP) 48 

 

These shifts could be due to either or both of the following factors: (i) the group-

PtBr(PPh3)2 is an electron donor; (ii) the bulky substituent causes out-of-plane 

distortions of the aromatic macrocycle, resulting in reduced ring current. The latter is 

certainly expected to apply, especially for the Ni(II) complexes. (See Crystal 

Structures Section 4.2) 

 

In order to assign the 1H NMR spectrum of trans-[PtBr(CoDPP)(PPh3)2] 42, 

comparisons with the precursors 21 and 22 were used. Porphyrin complexes of d7 

Co(II) give reasonably sharp 1H resonances, exhibiting widths-at-half-heights of the 

meso-proton signal of ca. 200 Hz. The spectrum of CoDPP 21 is easily assigned by 

integration and line width considerations, as the line narrows rapidly as the distance 

from the metal increases. The spectrum of 21 was reported for toluene solution by 

Shelnutt and co-workers,4 and closely resembles the spectrum recorded in CDCl3. The 

spectrum of 22 was more difficult to obtain because of poor solubility, but the change 

of symmetry to C2v was clear because of the split of the β-pyrrole signals into four 

lines. For the assignment of the trans-[PtBr(CoDPP)(PPh3)2] 42, it only remained to 

locate the P-phenyl signals, and these were found at ca. –2.2, 1.5, and 5.6 ppm. The 

isotropic shifts due to the unpaired electron in the dz2 orbital of Co(II) are usually 

positive for protons near the plane of the porphyrin ring,7 so these negative 
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paramagnetically-induced shifts are to be expected for the protons of the phenyl rings 

on the PPh3 ligands. As seen in the diamagnetic trans-PtBr(PPh3)2 adducts, the m- and 

p-protons of the P-phenyl groups experience an upfield shift to the region 6 – 6.5 

ppm, because of the proportion of time they spend in the shielding zone of the 

magnetically anisotropic porphyrin ring. So for a Co(II) complex, this effect will be 

magnified by the upfield isotropic shift. The 31P resonance for 42 is almost as sharp as 

those for the diamagnetic analogues, and occurs also at a very similar shift. 

 

The situation for the chloro Mn(III) complexes, in which the metal ion is square-

pyramidal d4, with (dxy)1 (dyz)1 (dxy)1(dz2)1 configurations, is more complex. The 

spectrum of Mn(Cl)DPP 23, prepared to assist in the assignments, could be 

interpreted by comparison with that of the analogous chloromanganese complexes of 

meso-tetraphenylporphyrin (TPP)8, 9 and 5,15-bis(3,5-di-tert-butylphenyl)porphyrin 

(DAP) 25. Mn(Cl)DPP 23 exhibits upfield isotropic shifts for the β-pyrrole protons to 

ca. –25 ppm, and a large downfield shift of the meso-proton to 45 ppm. The β-protons 

of Mn(Cl)TPP appear at –22.3 ppm,8, 9 while the β-protons of 25 also appear at –25 

ppm with the meso-proton at 45 ppm. The protons of the 5,15-phenyl groups of 23 

appear as broad unsymmetrical peaks at ca. 8.4 ppm, and this apparently represents all 

three sets of phenyl protons. Why these do not split more clearly into ortho, meta, and 

para sets is obscure, but again this is quite similar to what is found for the TPP 

analogue.8, 9 The spectrum for Br(Mn(Cl)DPP) 24 could not be obtained because of its 

low solubility. The signals for the Pt complex trans-[PtBr(Mn(Cl)DPP)(PPh3)2] 43 

could be located by comparison with the spectrum of 23, the β-pyrrole protons 

appearing in a 2:2:4 pattern at ca. -17, -22 and -31 ppm, and the meso-proton 

appeared as a very broad signal at ca. 47 ppm. The 10,20-phenyl group protons were 

observed in similar positions to those in 23 and overlap a very broad unsymmetrical 

envelope spanning the region 3 – 15 ppm, which can only be due to the P-phenyl 

protons. One sharper signal protrudes at 7.0 ppm. 
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The 31P spectrum of 43 is remarkably different from any of the others in the series. 

The spectrum is shown in Figure 3.6 and it can be seen immediately the effects of the 

facial asymmetry of the square-pyramidal metalloporphyrin, apparently greatly 

amplified by the effects of paramagnetism. 

 

Figure 3.6  31P NMR spectrum of trans-[PtBr(Mn(Cl)DPP)(PPh3)2] 43 

 

The two 31P resonances appear at 68 and –26 ppm, as a pair of doublets with a P-P 

coupling constant of ca. 420 Hz, a value consistent with a pair of non-equivalent 

trans-disposed phosphines. Interestingly, the mid point of these shifts is 21 ppm, 

placing it near the typical position for the complexes of Co, Ni and Zn. The signals 

are considerably broader than those for the other complexes, and the 195Pt satellites 

appear as broad humps around the bases of the central lines. The phosphines exchange 

environments by rotation of the porphyrin meso-carbon-platinum bond (see section 

2.6), so it is only the very large chemical shift difference brought about by the 

paramagnetism that enables us to see this separation, at room temperature. 
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3.6 Mass and UV-vis absorption spectra of platinum complexes 

 

All the complexes in the series gave molecular ions (or protonated molecular ions for 

those containing H2DPP) in FAB mass spectra. As dichloromethane was used as a 

solvent for introducing the compounds into the matrix, the molecular ions of the 

chloro-complexes were also observed for the cis-Pt derivatives 36 and 39. 

Fragmentation was also apparent and logical losses could be easily recognised. 

 

The visible absorption spectra were typical for DPP derivatives. The wavelengths of 

the principal visible absorption bands for the complexes and their precursors are 

collected in Table 3.1. 

 

Table 3.1  Wavelengths for the principal UV-vis absorption bands for the platinum 

complexes and their precursors (in CH2Cl2 solution)  

λ max (nm)     
Freebases   

 Soret IV III II I 
1 405 502 535 575 630 
2 420 510 545 587 642 
3 421 520 555 600 658 
36 430 523 559 590 650 
37 434 526 563 599 655 
45 435 538 575 610 669 
46 446 545 584 622 682 

   
Metal Complexes  

  Soret Q(1,0) Q(0,0)  
Ni 10 399 514 547  

 11 409 523 555sh  
 12 419 533   
 39 424 533 579sh  
 40 415 523 555sh  
 47 432 545 587sh  
 48 443 550 594  

Zn 18 410 536 569  
 19 416 547 588  
 41 430 555 599  

Co 21 401 516 543sh  
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 22 407 525   
 42 422 533 575sh  

MnCl 23 470 517 599  
 24 477 529 616  
 43 484 540 635  

InCl 26 413 546 583  
 27 422 557 595  

 50 435 568 615  
 

All groups other than H in the 5- or 5- and 15-positions cause a red-shift for both the 

freebases and central-metal complexes, and such shifts are typical for DPP systems.5, 6 

The spectra are sensitive to the steric demands of the meso substituent as seen 

between the cis and trans isomers of these Pt complexes. Moreover, for the doubly-

substituted complexes there is a significant red-shift of all bands with respect to their 

mono-substituted analogue. This is possibly another sign of non-planar distortion of 

the porphyrin.10 The PtBr(PPh3)2 group has a base-strengthening effect with little π-

interaction between the porphyrin and metal orbitals, perhaps indicating a strong σ-

inductive influence. This base strengthening effect can be seen through the easy 

protonation of the free base in acidic solutions. 

 

3.7 Pt-complexes with bidentate phosphines  

 

Due to the instabilities of the Pd-C bond a universal precursor for Pt(0) was desirable 

to continue these studies. Until recently no universal precursor was available for Pt(0), 

however both bis(1,5-cyclooctadiene)platinum(0) [Pt(COD)2] and 

tris(dibenzylideneacetone)-diplatinum(0) [Pt2dba3] have been used as a source of 

Pt(0). 

 

Initial studies with [Pt(COD)2] and PPh3 (Scheme 3.4) showed the desired products 

with yields comparable to the [Pt(PPh3)3] method. However the preparation for 

[Pt(COD)2] is time consuming and it is far easier to used the [Pt(PPh3)3] method to 

produce the compounds 36 and 37. Further studies using the bidentate phosphine 

ligands have been unproductive. The reaction with dppe and [Pt(COD)2] and 
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[Br(H2DPP)] 2 revealed only starting material and a conversion of [Pt(COD)2] to 

Pt(dppe)2. Pt(dppe)2 is highly unreactive. 11 

Scheme 3.4  [Pt(COD)2] reactions 
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Initial studies with [Pt2dba3] and PPh3 (Scheme 3.5) showed great promise as it 

produced the desired products with comparative yields. The [Pt2dba3] is air stable and 

easy to use. Further studies with the bidentate phosphines however showed the same 

problems as the [Pt(COD)2] method. 
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Scheme 3.5 [Pt2dba3] reactions 
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3.8 Summary 

 

A series of meso-η1-platiniometalloporphyrins comprising DPP (= dianion of 5,15-

diphenylporphyrin) and the first row transition metal ions Mn(III), Co(II), Ni(II) and 

Zn(II) along with In(III) has been prepared via two methods. The first involves 

metallation followed by oxidative addition to Pt(0) while the second involves the 

opposite order of reactions. It is preferable to use the second method as the complexes 

of Br(MDPP) are rather insoluble (especially that of MnCl) and more difficult to 

handle than the common intermediate trans-[PtBr(H2DPP)(PPh3)2] 37. 

 

The more crowded organoplatinum porphyrins were also prepared from 

dibromoporphyrins. However the yields for the bis-Pt compounds were less than 40% 

after separation from the mono-intermediates. 

 

The substituent effect of the Pt fragment can be assessed by considering the chemical 

shifts of the porphyrin peripheral protons. In all cases, there is an upfield shift of the 

meso resonance with respect for the precursor bromoporphyrin. These shifts could be 

due to either or both of the following factors: (i) the group –PtBr(PPh3)2 is an electron 

donor; (ii) the bulky substituent causes out-of-plane distortions of the aromatic 

macrocycle, resulting in reduced ring current. The later is expected to apply, 

especially for the Ni(II) complexes (see Chapter 4.2). In all cases, there is also a red 

shift of the electronic absorption bands upon substitution of the porphyrin by Br or the 

Pt fragment and this is probably due to a convolution of electronic effects on the 

porphyrin frontier π-orbitals and non-planar distortions. 

 

The attempts to create platinum porphyrins with bidentate phosphines have been 

unsuccessful. 
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CHAPTER 4: PHYSICAL PROPERTIES OF meso-
METALLOPORPHYRINS 
 

4.1 Introduction 
 
In order to clearly identify the atoms on the platinum organometallic porphyrins the 

numbering scheme can be seen in Figure 4.1. 
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Figure 4.1 Numbering scheme used for results and discussion of the crystal structures 
of the platinum complexes 

 

4.2 Crystal structures of platinum complexes 
 

trans-[PtBr(H2DPP)(PPh3)2] (37) 

 

The single crystal X-ray structure determination of this complex shows the molecule 

crystallises as discrete monomers, with two independent molecules in the asymmetric 

unit and a co-crystallised molecule of dichloromethane with 50% occupancy located 

midway between the two molecules. The structural arrangement of these three 

molecules is shown in Figure 4.2. Relevant geometric parameters are listed in Table 

4.1. For both molecules, the porphyrin macrocycle is essentially planar (maximum 

deviations from the C20N4 mean plane = 0.15, 0.15 Å). The substituent phenyl groups 

lie at dihedral angles to the macrocycle mean plane of 56.8, 71.2º for molecule A and 

66.3, 93.2º for molecule B. The two trans PPh3 ligands adopt approximately C3 
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conformations of opposite chirality and are related by a pseudo-mirror plane of 

symmetry with torsion angles Pt-P(n)-C(nm1)-C(nm2): -61(1), -21(1), -39(1); 79(1), 

19(1), 45(1)º for molecule A and 74(1), 28(1), 36(1); -80(1), -31(1), -32(1)º for 

molecule B. Rings 1 on both ligands in both molecules overhang the porphyrin ring in 

face-to-face contact with the first pyrrole ring. The overall conformational structures 

of the two molecules are slightly different with the Br-Pt-C axis lying in the plane of 

the porphyrin macrocycle in molecule A, while for molecule B, this axis is 

significantly bent out of the plane (Figure 4.2). 

 

 
Figure 4.2  Molecular structure of trans-[PtBr(H2DPP)(PPh3)2] (37), showing the 

disposition of molecules A and B and the dichloromethane solvent molecule, with 

hydrogens omitted for clarity. 

 

The Pt-Br distances of 2.518(1) and 2.511(1) Å are marginally longer than the 

distance of 2.490(2) for the cis complex 36 (see below), reflecting the different trans 

influence of the PPh3 ligand versus the C donor of the porphyrin ring. The Pt-C bond 

length of 2.05(1) Å for molecule A is 0.1 Å longer than the corresponding distance of 

1.95(1) Å observed for molecule B. The reason for this quite remarkable difference is 

not immediately apparent, but may be a reflection of differences in the strength of the 

phenyl-pyrrole π-π interactions in the two molecules. Typical Pt-C bond lengths 

involving non-cyclometallated sp2 carbons are between 1.99 and 2.10 Å. 
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cis-[PtBr(H2DPP)(PPh3)2] (36) and cis-[PtBr(NiDPP)(PPh3)2] (39) 

 

The single-crystal structure determination of the cis-[PtBr(MDPP)(PPh3)2] complexes 

36 and 39 shows them to crystallise as discrete neutral molecules separated by normal 

van der Waals distances. A representative view of the molecular structure of 39 is 

shown in Figure 4.3 and selective geometric parameters are listed in Table 4.1. The 

10,20-phenyl substituents lie at dihedral angles to the macrocycle mean plane of 96.8, 

62.6º for 36 and 78.8,108.6º for 39. As for the trans complex above, these values are 

unremarkable for meso-aryl substituents, e.g. in DPP or meso-tetraarylporphyrins.1  

 

The NiN4 geometry in 39 is essentially square planar with Ni-N distances ranging 

from 1.914(6) to 1.924(5) Å and cis N-Ni-N angles ranging from 89.1(2) to 90.6(2)º. 

As is well known for many Ni(II) porphyrin structure,2 the porphyrin ring is not 

planar, but adopts the ruffled shape, with C(10) and C(20) 0.4-0.6 Å above and C(5) 

and C(15) 0.4-0.6 Å below the mean C20N4 mean plane. The porphyrin ring is 

symmetrically coordinated to the platinum through the C(5) meso carbon, with Pt-

C(5)-C(4,6) angles of 118.8(4) and 119.9(4)º, respectively. The Pt-C(5) bond length 

of 2.058(5) Å is similar to that of the longer of the two values for the structure of 37 

described above. 

 

 
Figure 4.3  Molecular structure of cis-[PtBr(NiDPP)(PPh3)2] (39), with hydrogens 

omitted for clarity. 
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Table 4.1: Selected geometric data for the platinum complexes 
36 39 37  38 b  40  41  42  47 c

  mol. A mol. B mol. A mol. Ba mol. A mol. Ba mol. A mol. Ba mol. A mol. Ba  

Bond lengths (Å)  
Pt–Br 2.490(2) 2.4887(7) 2.518(1) 2.511(1) 2.376(5) 2.454(5) 2.504(3) 2.535(3) 2.521(2) 2.521(2) 2.527(2) 2.501(2) 2.517(1) 
Pt–P(1) 2.257(4) 2.248(2) 2.323(3) 2.309(3) 2.230(5) 2.391(5) 2.232(7) 2.375(7) 2.302(5) 2.327(5) 2.367(4) 2.248(4) 2.329(2) 
Pt–P(2) 2.362(3) 2.381(2) 2.307(3) 2.325(3) 2.397(5) 2.252(5) 2.389(7) 2.264(7) 2.328(5) 2.316(5) 2.268(4) 2.374(4) 2.305(2) 
Pt–C(5) 2.05(1) 2.058(5) 2.05(1) 1.95(1) 2.03(2) 1.96(2) 2.02(2) 1.97(2) 1.98(2) 2.02(2) 1.95(1) 2.06(2) 2.011(5) 
M-N(1)  1.914(5) 1.94(2) 1.99(2) 2.04(2) 2.03(2) 1.96(1) 1.94(1) 1.930(4) 
M-N(2)  1.923(5) 1.91(2) 1.96(2) 2.00(2) 2.05(2) 1.97(1) 1.94(1) 1.919(4) 
M-N(3)  1.924(5) 1.96(2) 1.93(2) 2.06(2) 2.05(2) 1.97(1) 1.97(1) 1.939(5) 
M-N(4)  1.921(5) 1.94(2) 1.93(2) 2.02(2) 2.04(2) 1.95(1) 1.96(1) 1.933(5) 

  
Bond angle (º)  
Br–Pt–P(1) 174.4(1) 171.08(4) 89.52(8) 91.80(9) 93.2(2) 87.6(2) 92.7(2) 89.3(2) 91.3(1) 90.4(1) 90.2(1) 91.4(1) 89.38(6) 
Br–Pt–P(2) 87.69(9) 87.93(4) 88.88(8) 91.12(9) 88.7(2) 89.6(2) 89.7(2) 89.3(2) 89.9(1) 89.7(1) 89.3(1) 90.2(1) 91.32(6) 
Br–Pt–C(5) 85.8(3) 83.1(2) 175.0(3) 177.2(3) 174.7(6) 176.4(6) 176.6(7) 177.5(7) 177.9(5) 178.0(5) 178.1(5) 175.9(4) 177.6(2) 
P(1)–Pt–P(2) 97.9(1) 100.94(6) 176.2(1) 176.8(1) 178.1(2) 177.2(2) 177.4(2) 178.3(2) 178.4(2) 179.1(2) 177.5(2) 178.1(2) 176.2(6) 
P(1)–Pt–C(5) 88.7(3) 88.0(2) 92.6(3) 89.9(3) 91.8(6) 89.2(6) 90.7(7) 89.0(7) 90.2(5) 91.6(5) 90.1(5) 92.7(4) 88.4(2) 
P(2)–Pt–C(5) 173.5(4) 170.8(2) 89.2(3) 87.3(3) 86.2(6) 93.6(6) 86.9(7) 92.4(7) 88.5(5) 88.4(5) 90.4(5) 85.7(4) 90.9(2) 
Pt-C(5)-C(4) 118.4(9) 118.8(4) 116.2(8) 121.7(8) 122(1) 119(1) 121(2) 119(2) 117(1) 120(2) 119(1) 122(1) 119.0(4) 
Pt-C(5)-C(6) 118.8(9) 119.9(4) 118.3(8) 118.4(8) 118(1) 117(1) 123(2) 123(2) 123(1) 116(2) 122(1) 120(1) 120.6(4) 

  
Dihedral angles of the 10,20 phenyl substituents to the macrocyclic mean plane (º) 
10-Ph 96.8 78.8 56.8 66.3 127.5 113.0 129.3 113.9 126.4 113.5 128.5 113.8 50.2 
20-Ph 62.6 108.6 71.2 93.2 80.2 115.2 79.5 113.1 80.2 114.9 79.9 114.5 81.7 

             
a For molecule B, read Pt = Pt(2), P(1) = P(3), P(2) = P(4), Br = Br(2), C(4)=C(24), C(5) = C(25), C(6)=C(26). 
b For molecule, read Br = Cl 
c For molecule, read Br = Br(1)  



In the triphenylphosphine ligands, the conformations of the two ligands differ 

significantly. Ligand 2 (trans to C) approximates C3 symmetry [Pt-P(n)-C(nm1)-

C(nm2) torsion angles: 48.1(5), 60.1(6) and 32.2(6)º], while in Ligand 1, the torsion 

angle in phenyl group 1 increases to 80.2(5)º and in rings 2 and 3 decreases to 17.0(6) 

and 20.4(6)º, respectively. Figure 4.3 illustrates the conformation adopted by ring 1 in 

this ligand is likely to be a consequence of face-to-face π-π non-covalent interactions 

between the phenyl ring and the pyrrole moiety of the macrocycle, as noted above for 

37, and this is clearly seen in the published structure of the Pd complex 31.3 The 

crowding between the two bulky PPh3 ligands is reflected in (i) the increase in the P-

Pt-P angle to 100.94(6)°; (ii) the unusually large Pt-P(2)-C(221) angle of 126(2)°; and 

(iii) the tetrahedral distortion of the PtP2CBr coordination geometry about the 

platinum atom, with P(2)-Pt-C(5) and P(1)-Pt-Br angles of 170.8(2) and 171.08(4)°. 

To this list could be added the large difference of ca. 0.15 Å between the Pt-P(1) and 

Pt-P(2) bond lengths, although some of this is no doubt due to the widely-differing 

trans influences of the ligands Br and σ-bound C. In complex 31, the corresponding 

difference in the two Pd-P bond lengths is ca. 0.09 Å.3  

 

trans-[PtBr(MDPPBr)(PPh3)2]0.5CH2Cl2, M = Co (42), Ni(40), Zn(41) 

 

The structures of these three compounds are isomorphous, crystallising in space group 

P21 with a~13.4, b~29.7, c~14.4 Å, and β~91°. The asymmetric unit consists of two 

independent molecules of the complex with co-crystallised molecule of 

dichloromethane (modelled with 50% occupancy) located in the vicinity of the PPh3 

phenyl substituents. As a representative of the set, the molecules of the cobalt 

complex 42 are shown in Figure 4.4. Relevant geometric parameters are listed in 

Table 4.1.  
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Figure 4.4  Molecular structure of trans-[PtBr(CoDPP)(PPh3)2] (42), with hydrogens 

omitted for clarity. 

 

 

The conformational structures of the two molecules are very similar with the 

exception of the relative orientations of the phenyl substituents on C(10) and C(20) of 

the porphyrin ring. For molecule A, these two rings are twisted by approximately 45° 

with respect to each other while for molecule B, the two rings are essentially parallel.  

As for the other trans complexes in this series, the PPh3 ligands adopt three-fold 

propeller conformations and are related by pseudo-mirror plane of symmetry with 

ring 1 on each ligand overhanging the macrocycle in face-to-face contact with the 

second pyrrole ring. The coordination geometry about the platinum atom shows a 

considerable dispersion of values across the three complexes with Pt-Br in the range 

2.501(2) – 2.535(3) Å with an average value of 2.51(1) Å, Pt-P in the range 2.264(4) 

– 2.389(7) Å with an average value of 2.32(5) Å and Pt-C in the range 1.95(1) – 

2.06(2) with an average value of 2.00(4) Å. These values are consistent with those 

observed for the other members of the series and correlation effects between the two 

molecules may be the cause of the observed range of values. 

 

trans-[PtBr(NiDPPBr)(PPh3)2] (47) 

 

This complex crystallises in the triclinic space group P1 with one molecule 

comprising the asymmetric unit. A representative view of the structure of the 
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molecule is shown in Figure 4.5. Relevant geometric parameters are listed in Table 

4.1. The trans PPh3 ligands adopt three-fold propeller conformations of opposite 

chirality and are related by a pseudo-mirror plane of symmetry. Ring 1 on each ligand 

overhangs the porphyrin macrocycle in face-to-face contact with the second pyrrole 

ring. The porphyrin ring is symmetrically coordinated to the platinum through the 

C(5) meso carbon with Pt-C(5)-C(4,6) angles of 120.6(4) and 119.0(4)º, respectively. 

The coordination geometry about the platinum atom is very similar to that found in 

the analogous H2DPP complex 37, showing that the insertion of a metal ion into the 

macrocyclic ring and the substitution of a bromine atom at C(15) exert only minimal 

influence on this geometry. 

 

 
Figure 4.5  Molecular structure of trans-[PtBr(NiDPPBr)(PPh3)2] (47), with 

hydrogens omitted for clarity. 

 

The coordinated nickel lies in the macrocycle mean plane (C20N4) and adopts the 

expected square planar geometry with Ni-N bond lengths ranging from 1.919(4)-

1.939(5) Å. The porphyrin macrocycle is not flat but adopts a distorted shape with 

C(10) and C(20) respectively 0.46, 0.45 Å above and C(5) and C(15) respectively 

0.37 and 0.34 Å below the plane while the bromine bonded to C(15) lies 1.03 Å 

below the plane. The substituent phenyl groups at C(10) and C(20) are twisted by 

31.5º with respect to each other and lie at dihedral angles of 81.7 and 50.2º to the 

macrocycle mean plane. 
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4.3 Non-planar distortions of the porphyrin rings 

 

The porphyrin macrocycle is conformationally flexible and capable of adopting non-

planar conformations. Given the novelty of the –PtBrL2 substituent, and that crystal 

structures have been determined for the freebase and several metallo derivatives, it is 

now possible to examine the steric consequences of platinum attachment on the 

planarity of the porphyrin macrocycle. The two distortion modes most often found for 

the four-coordinate metalloporphyrins are the “saddle-shape” and the “ruffled” 

conformations, complexes 36 and 39 (Figure 4.6) are typical examples, respectively. 

The saddled distortion involves the alternating displacement of the pyrrole rings 

above and below the mean plane while the meso-carbon position remains more or less 

in plane. The ruffled distortion involves a twisting about the metal-nitrogen bond and 

is characterised by alternating displacements of the meso-carbon positions above and 

below the mean plane.4-6 

cis -PtBr(H2DPP)(PPh3)2 (36)

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0 5 10 15 20
Atom number

D
is

ta
nc

e 
fr

om
 m

ea
n 

pl
an

e 
(Å

)

cis -PtBr(NiDPP)(PPh3)2 (39)

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0 5 10 15 20

Atom number

D
is

ta
nc

e 
fr

om
 m

ea
n 

pl
an

e 
(Å

)

 

Figure 4.6  Linear display of the deviations of the macrocycle atoms from the C20N4 

least-squares plane for the cis-complexes 36 and 39 (solid diamonds are carbons, open 

diamonds are nitrogens) 

 

As is common for many Ni(II) porphyrin structures,2, 7 the porphyrin ring in 

complexes 39, 40 and 47 is not planar, but rather adopts a distorted shape due to the 

short Ni-N bond distances (average over the three complexes 1.94 Å).  
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The details of the non-planar distortion for the trans-complexes 37, 40, 41, 42 and 47 

are displayed in linear form in Figures 4.7 - 4.11 as the vertical displacement of the 

atom from the C20N4 plane. The metal-nitrogen bond distances are quite typical for 

these divalent four-coordinate metals in porphyrin complexes, resulting in the order 

Zn-N > Co-N > Ni-N. This order is reflected in the typical pattern of out-of-plane 

distortions (Zn < Co < Ni) in response to the contraction of the MN4 core.8 In these 

structures, the free base is virtually planar, but the four metallo derivatives adopt an 

interesting hybrid of the ruffled and saddled conformations. As can be seen in Figure 

4.8, this results in both the meso carbon and the next two carbons of the pyrrole ring 

being farthest out of the plane (e.g. see carbons 5,6 and 7). Thus the pyrrole rings are 

tilted as in a typical ruffled structure, but the axes of the major out-of-plane 

displacement are rotated to lie between normal ruffling and saddling axes. This 

pattern applies consistently to all four of our structures, and results in the carbon 

atoms 2, 7, 12 and 17 having the largest displacements from the plane in all but one 

case out of the nine molecules (C(20) in 47). 

trans -PtBr(H2DPP)(PPh3)2 (37)
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Molecule B
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Figure 4.7  Linear display of the deviations of the macrocycle atoms from the C20N4 

least-squares plane for the trans-complex 37 (solid diamonds are carbons, open 

diamonds are nitrogens) 
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trans -PtBr(NiDPP)(PPh3)2 (40) 
Molecule A
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trans -PtBr(NiDPP)(PPh3)2 (40)
 Molecule B
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Figure 4.8  Linear display of the deviations of the macrocycle atoms from the C20N4 

least-squares plane for the trans-complex 40 (solid diamonds are carbons, open 

diamonds are nitrogens) 

 

trans -PtBr(ZnDPP)(PPh3)2 (41) 
Molecule A
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trans -PtBr(ZnDPP)(PPh3)2 (41) 
Molecule B
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Figure 4.9  Linear display of the deviations of the macrocycle atoms from the C20N4 

least-squares plane for the trans-complex 41 (solid diamonds are carbons, open 

diamonds are nitrogens) 

 
trans -PtBr(CoDPP)(PPh3)2 (42)
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Figure 4.10  Linear display of the deviations of the macrocycle atoms from the C20N4 

least-squares plane for the trans-complex 42 (solid diamonds are carbons, open 

diamonds are nitrogens) 
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trans -PtBr(NiDPPBr)(PPh3)2 (47)
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Figure 4.11  Linear display of the deviations of the macrocycle atoms from the C20N4 

least-squares plane for the trans-complex 47 (solid diamonds are carbons, open 

diamonds are nitrogens) 

 

 

 

 69



4.4 Electrochemistry of meso-metalloporphyrins 

 
The effects of the platinum moiety on the redox properties of the porphyrin ring were 

studied for the free base and nickel(II) complex by cyclic ac voltammetry. The 

unsubstituted DPP compounds 1 and 10 and the mono-bromo compounds 2 and 11 

were also measured for comparison. These reduction and oxidation potentials are 

summarised in Table 4.2. 

 

Table 4.2 Electrochemical data for peripherally-metallated porphyrins and their 

precursors (in Bu4NPF6-CH2Cl2 vs Ag/AgCl 293K) 

 

Compound E0 (red1)/V E0 (ox1)/V 
1 -1.05 +1.16 
2 -0.93 +1.19 
37 -1.32 +0.83 
28 -1.24a +0.89 
10 -1.13 +1.17 
11 -1.02 +1.20 
40 -1.44 +0.90 
48 -1.66 +0.61 
29 -1.37a +0.95 

a Irreversible with loss of -PdBr(PPh3)2 moiety  
 

Experiments were conducted in CH2Cl2 with Bu4NPF6 as the supporting electrode. 

The porphyrin concentrations were 7.5 x 10-4 M or less due to the solubility 

constraints and this produced a relatively high background current. This meant that ac 

voltammetry generally gave better results than conventional cyclic voltammetry. The 

Pt-containing species gave good reversible or quasi-reversible waves and the cyclic 

and ac voltammograms for [trans-PtBr(H2DPP)(PPh3)2] 37 are shown in Figure 4.12. 

 

The voltammetric data of the first oxidation potential clearly confirms the proposal 

that the PtBr(PPh3)2 group is a strong electron donor. This is shown in a cathodic shift 

of about 300 mV for both the free base 37 and the corresponding Ni(II) complex 40. 

The effect of a second Pt substituent is basically additive, and the first oxidation 

potential of bis-[trans PtBr(PPh3)2](NiDPP) 48 is low for a Ni(II) porphyrin, namely 
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+0.61 V (Fc/Fc+ at +0.55 V). As both the free base and Ni(II) complexes exhibit very 

similar effects is good evidence that (i) oxidation occurs at the porphyrin ring and not 

at the Ni(II) centre and (ii) the changes in spectra and electrode potentials due to the 

Pt substituent are electronic in origin and not related to out-of-plane distortions in the 

Ni(II) complexes. These effects are also noted for the corresponding Pd compounds 

28 and 29 although the shifts in redox potentials are not as large and the first 

reduction is irreversible with the loss of the Pd substituent. No comparable 

electrochemical data for simple aryls, eg. phenyl-platinum(II) or -palladium(II) 

organometallics have been found through literature searching however there have 

been several studies of the substituent effects of Ni(II), palladium(II) and platinum(II) 

on aromatic rings using 1H, 19F or 13C NMR data.2, 9  

 

 
Figure 4.12 Cyclic (200 mVs-1, soild line) and ac (50 mVs-1, dotted line) 

voltammograms of trans-PtBr(H2DPP)(PPh3)2 37 in CH2Cl2-Bu4NPF6 at 293K 

 

Another piece of evidence for a strong electron-donating substituent effect is the 

remarkable decrease in reactivity towards the second oxidative addition in the 

attempted conversion of Br2(NiDPP) 12 to 48. Clearly the Pt substituent is decreasing 

the polarity of the opposite C-Br bond and inhibiting the insertion of the Pt(0) moiety. 

Stang and co-workers noted in their work on double Pt(PPh3)2 additions to 4,4’-

diiodobiphenyl, a similar but apparently weaker electron-donating effect.9 
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4.5 Fluorescence of meso-metalloporphyrins 

 

Fluorescence is expected in molecules that are aromatic or contain multiple 

conjugated double bonds with high degree of resonance stability. Porphyrins fit well 

into these classes. They have delocalised π-electrons that can be placed in low-lying 

excited singlet states. Substituents can strongly affect fluorescence. Substituents that 

delocalise the π-electrons often enhance fluorescence because they increase the 

transition probability between the lowest excited state and the ground state, while 

electron-withdrawing groups such as Br can decrease or quench the fluorescence 

completely. The introduction of bulky substituents that force a planar conformation to 

become non-planar also decrease fluorescence.10  

 

It has long been known that substitution of a heavy atom into an aromatic molecule 

can produce changes in the luminescence parameters due to an increase in spin-orbital 

coupling. The effects caused by the internal heavy atoms include changes in the 

fluorescence parameters, usually the quantum yield of fluorescence decreases and the 

intersystem crossing rate constant increases.11  

 

Table 4.3 Steady-state fluorescence spectroscopic data a

Porphyrin λex
b Q*x00-Band  Q*x01-Band  

 (nm) λem (nm) Iem/Iref .% λem (nm) Iem/Iref .% 
1 406 633 100 697 100 
2c 415 648 2.98 710 1.83 
3c 420 661 3.56 733 5.28 
28c 428 659 3.15 726 2.34 
37c 429 665 0.41   
46c 446 694 0.06   
18 408 576 100 628 100 
19d 416 591 3.20 641 3.20 
20d 423 602 1.68 654 3.91 
41d 430 608 0.01   

   
a concentration is 2 x 10-6 mol L-1 in CH2Cl2  
b λex corresponds to the maximum of the Soret band 
c The intensity reference compound is 1  
d The intensity reference compound is 18  
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Paramagnetic metalloporphyrins possess very short-lived excited states and do not 

exhibit any appreciable emission.12 Therefore the emission of only the free base and 

zinc porphyrins were detected for this series of compounds. 

 

In the emission spectra for the freebase organometallic porphyrins (Figure 4.13), the 

fluorescence intensities of the meso-substituted porphyrins are dramatically reduced 

in comparison with the unsubstituted porphyrin 1. (Table 4.3) These results are also 

apparent in the Zn-series. (Figure 4.14, Table 4.3) The introduction of the Br has 

decreased the fluorescence intensity 100 fold while the introduction of the –

PtBr(PPh3)2 moiety has decreased the fluorescence intensity 1000 fold. 

 

The fluorescence quenching can be attributed to the ‘heavy atom effect’. The 

introduction of heavy atoms in the porphyrin ring increases the intersystem crossing 

rate thereby reducing the fluorescence yield.13 It would be interesting to determine the 

characteristics of the triplet states, but equipment for this was not available for this 

study. 
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Figure 4.13 Fluorescence spectra for the freebase porphyrins  

( ⎯ 1 (10-2); ⎯ 2; ⎯ 3; ⎯ 28; ⎯ 37; and ⎯ 46.) 
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Figure 4.14 Fluorescence spectra for the zinc porphyrins 

( ⎯ 18 (10-2); ⎯ 19; ⎯ 20 and ⎯ 41.) 
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4.6 Summary 

 

An objective of this work was to compare the coordination chemistry of late first-row 

transition metal ions with the organoplatinum porphyrin ligands and to study the 

structures of both the ligands and complexes by single-crystal X-ray crystallography 

wherever possible. 

 

The crystal structure determinations for the Pt complexes includes cis-

[PtBr(MDPP)(PPh3)2] (M = H2 36, Ni 39), trans-[PtBr(MDPP)(PPh3)2] (M = H2 37, 

Ni 40, Zn 41 and Co 42), trans-[PtCl(H2DPP)(PPh3)2] 38 and trans-

[PtBr(NiDPPBr)(PPh3)2] 47. In all these structures, the free bases are virtually planar 

but the metallo derivatives adopt a hybrid of the ruffled and saddled conformations. 

 

The effects of the Pt moiety on the redox properties of the porphyrin ring were studied 

for the free base and Ni(II) complex by cyclic and ac voltammetry. The first oxidation 

potential confirms the proposal that the -PtBr(PPh3)2 group is a strong electron donor. 

The fact that both the free base and Ni(II) complexes exhibit very similar effects is 

good evidence that oxidation occurs at the porphyrin ring and the changes in spectra 

and electrode potentials due to the Pt substituent are electronic in origin. 

 

The fluorescence intensities of the meso-substituted porphyrins are dramatically 

reduced in comparison with the unsubstituted porphyrins. The introduction of the Br 

has decreased the fluorescence intensity 100 fold while the introduction of the -

PtBr(PPh3)2 moiety has decreased the fluorescence intensity 1000 fold. This 

fluorescence quenching can be attributed to the “heavy atom effect”. 
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CHAPTER 5: CHIRAL meso-PALLADIOPORPHYRINS 

 

5.1 Introduction 

5.1.1 Preparation of chiral porphyrins 

 

Porphyrins provide a potentially useful framework for artificial receptors and catalysts 

with several unique features:1 i) An approximately planar structure owing to the π-

electron configuration. ii) A number of metals can be incorporated with varying 

recognition and catalytic activities. iii) Porphyrins have distinct functionalization 

sites, namely meso and β-positions, central metal and inner nitrogens for 

functionalization sites. iv) Chromophores for detecting subtle changes in interactions 

between porphyrin and surrounding molecules. UV-vis, circular dichroism, 

fluorescence and Raman spectroscopy have been used to probe the intermolecular 

interactions. 1H NMR spectroscopy is also useful owing to the ring current effects on 

chemical shifts of the protons close to the porphyrin plane. v) Characteristic redox 

chemistry at both the metal and ligand. vi) Important photochemical behaviour as an 

electron donor and acceptor. 

 

By incorporation of chirality, these desirable features of porphyrins may be amplified. 

Chiral porphyrins have been prepared in three main ways. The most common 

approach, first used by Groves and Meyers,2 involves attaching chiral units to 

preformed porphyrins such as amino- or hydroxy-substituted TPP derivatives. 

(Scheme 5.1) 

Scheme 5.1  Preparation of chiral porphyrins by addition to porphyrin substrate 
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O’Malley and Kodadek showed that chiral substituents can be introduced at the 

porphyrin-forming stage by allowing chiral aldehydes to condense with pyrrole.3 

(Scheme 5.2)  

N
NH N

HNCHO
N
H

Atropisomer
mixture+

Scheme 5.2  Preparation of chiral porphyrins from chiral aldehydes 

 

Chiral porphyrins can also be prepared without the attachment of chiral groups. Inoue 

and co-workers bridged the enantiotopic faces of dihexyletioporphyrin from opposing 

β-pyrrolic positions.4 (Scheme 5.3) 
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Scheme 5.3  Preparation of chiral “strapped” porphyrins 
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5.1.2 Enantioselective catalysis using chiral porphyrins 

 

Groves and Meyers prepared the first chiral porphyrin in 1983 from TPP-type 

porphyrin and a chiral binaphthyl derivative. (Figure 5.1) This porphyrin was used to 

carry out asymmetric epoxidation with p-chlorostyrene giving 50% ee.2 

 

Figure 5.1  A chiral porphyrin designed for asymmetric epoxidation of olefins. 
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The design of chiral metalloporphyrins that catalyse the oxidation of organic 

substrates continues to be a very active area in asymmetric synthesis.5 Several 

different strategies have been adopted in which chiral groups are attached to 

porphyrins. The different catalysts described in the literature 6, 7 can be classified into 

three main structure-types: 

Type I systems are bis-faced picket porphyrins, 

Type II systems correspond to single-faced protected porphyrins. 

Type III systems are bis-faced protected porphyrins. 

 

Type I systems are chiral “picket fence” porphyrins having two or more chiral pickets 

above and below the porphyrin plane. Type II systems are single-faced systems in 

which chiral straps connect diagonal or adjacent meso-positions of one face of the 

porphyrin. This is where the name “basket handle” porphyrins is derived. Type III 

systems are distinguished from type II in that both faces of the porphyrin have 

diagonal or adjacent meso-positions connected by chiral straps.  
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In the case of type I catalysts, the early catalysts produced showed little effectiveness 

in asymmetric epoxidation catalyst.6 The number of turnovers remains low even when 

the enantiomeric excess is good. However recent work with D4-symmetric chiral 

porphyrins by Higuchi et al.8 greatly improved the enantioselectivity of asymmetric 

epoxidation of various olefins when the catalyst contained electron-donating groups.  

 

The catalysts produced by Inoue and co-workers4 (Scheme 5.3) are examples of Type 

II catalysts. Their manganese derivatives produced higher optical yields when 

imidazoles were used as blocking ligands. The higher optical yields of these systems 

originate from the closer proximity of the straps to the active site. As these 

researchers could vary the diamine employed in their porphyrin syntheses, their chiral 

catalysts were the first to have a steric environment that could readily and 

systematically be modified. Synthetic variability is the success of these asymmetric 

epoxidation catalysts. 

 

There are many different forms of type III catalysts. Only two will be discussed here, 

staggered and “seat” porphyrins. Rose et al. produced “seat” porphyrins (Figure 5.2), 

these bis-binaphthylporphyrins obtained 83% and 88% enantiomeric excess for the 

epoxidation of styrene and pentafluorostyrene.7 
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Figure 5.2  An example of a “seat” porphyrin 
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Recently, Simonneaux and co-workers produced a staggered type III catalyst. Their 

ruthenium chiral catalysts (Figure 5.3) contain cyclohexane rings as chiral entities on 

the metalloporphyrin. The incorporation of these cyclohexane rings appears to be a 

control for the reactivity and enantioselectivity of olefin oxidation.9 

 

N

N

N

N Ru

O O

O

O

OO

O

O

R

RR

R

O

O

(CH2)n

(CH2)n

R =

n = 1 or 2

 

Figure 5.3  Ruthenium epoxidation catalyst 

 

5.1.3 Chiral recognition using chiral porphyrins 
 

Porphyrin and metalloporphyrin frameworks are suitable for constructing a host 

molecule because a variety of functional groups are readily fixed at the peripheral 

positions of the framework and physiochemical behaviour of the porphyrin ring upon 

the addition of a guest molecule is easily monitored by several spectroscopic 

measurements.10 Circular dichroism (CD) of a porphyrin is a quite powerful method 

to detect the binding behaviour when the porphyrin has chirality within the molecule 

or a chiral environment. 

 

Hayashi et al. prepared a pair of enantiomeric zinc porphyrin dimers with binaphthol 

spacers.11 The chiral porphyrin dimer (Figure 5.4) displays changes in the Soret and Q 

band absorption and CD spectra upon addition of the lysine derivatives. These chiral 

dimers display prominent enantioselectivity for several lysine derivatives, indicating 

that the chiral cavity formed by the two zinc porphyrin rings effectively carries out the 

enantioselective discrimination for the chiral diamines. 
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Figure 5.4  Chiral zinc porphyrin dimers 

 

Marchon et al.12 prepared cobalt(III) tetramethylchiroporphyrins (Figure 5.5) as chiral 

shift reagents for structure attribution, absolute configuration assignment and 

enantiomeric excess determination of amino acid methyl esters by 1H NMR 

spectroscopy. 

N

N

N

N Co
Cl

H
MeO2C

Me
Me

Me
Me

H
MeO2CCO2Me

H

Me
Me

H

Me
Me

CO2Me

H

H

H H

H

H

HH

HH

H

H

 

Figure 5.5  Cobalt(III) tetramethylchiroporphyrin 

 

Three novel chiral zinc porphyrins with protected chiral amino acid substituents were 

synthesised. (Figure 5.6)13 Their chiral recognition of amino acid methyl esters was 

investigated using UV-vis spectrophotometric titration. CD spectra of these chiral 

porphyrin derivatives binding to enantiomers of guests show great shape and intensity 

differences. 
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Figure 5.6  Amino chiral zinc porphyrins 

 

 

 

5.2 Synthesis and general properties of chiral palladioporphyrins 

 

 Pd2dba3 + L-L
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Scheme 5.4  Preparation of chiral palladioporphyrins 

 

Given the ease of synthesis of palladioporphyrins with chelating diphosphines as 

ancillary ligands, a study of chiral derivatives was embarked upon. Three different 

types of chiral diphosphines were used in the preparation of chiral meso-

palladioporphyrins. CHIRAPHOS has two chiral centres located in the carbon 

 83



backbone of the ligand. 1,2-Bis(methylphenylphosphino)benzene (diphos) has two 

chiral centres located at the phosphorus atoms. BINAP has no chiral centres, instead it 

has axial chirality through the restricted rotation about the bond joining the two 

naphthalene ring systems. 

 

Palladioporphyrins are readily prepared by oxidative addition of meso-bromo-10,20-

diarylporphyrins or their Ni(II) complexes to Pd(0) precursors. (Scheme 5.4) All the 

chelating diphosphines were prepared using Pd2dba3 and the diphosphine. (See 

Section 2.2) The diphos complexes are highly unstable in chlorinated solvents with 

the loss of the Pd fragment. 

 

 

5.3 NMR spectra of chiral palladioporphyrins 

 

These chiral palladioporphyrins exhibit typical 1H NMR spectra, similar to the 

diphosphine palladium complexes in Section 2.3.2. These spectra were assignable 

from integration and comparison with the spectra of the starting material and similar 

porphyrins. The proton signals for the phenyl groups overhanging the porphyrin plane 

shift upfield of the CHCl3 signal. The β-pyrrole protons are sensitive to changes in 

environment and the expanded spectrum shows asymmetry of the ligand is detectable 

even at the remote β-protons. 

 

In the CHIRAPHOS complexes 51 and 52 (for example 

see Figure 5.7) the eight β-proton signals appear as 

doublets at 8.29, 8.45, 8.76, 8.77, 8.89, 9.00, 9.27 and 

9.41. The methyl proton signals appear as multiplets 

centred at 0.80 and 1.03 ppm. 
N
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Figure 5.7  1H NMR spectrum of PdBr(NiDPP)(S,S-CHIRAPHOS) 52 

 

The diphos complexes 57 and 58 exhibit sharp 1H 

NMR spectra however the compounds decompose 

in the chlorinated solvent used for the NMR and 

the spectra are contaminated with NiDPP and the 

Pd phosphine fragment. As shown above for the 

CHIRAPHOS complexes, the β-proton signals for 

the diphos complexes also appear as 8 doublets at 

8.14, 8.73, 8.76, 8.77, 8.85, 9.06, 9.07 and 9.41 

ppm (J = 4.6 Hz). The methyl proton signals are seen as doublets at 1.02 and 2.59 

ppm. The upfield shift of one of the methyl groups is due to its location in the 

shielding zone of the magnetically anisotropic porphyrin ligand. The aromatic protons 

of the bridging phenyl group appear as multiplets centred at 7.55 ppm. 
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The BINAP complexes 53 and 54 (for example 

see Figure 5.8) produce a more complicated 1H 

NMR spectrum due to the number of different 

aromatic protons on the tol-BINAP ligand. These 

can be found in the region 6.0 – 7.7 ppm, and 

also in this region can be found the signals for 

the phenyl groups on DPP. One of the aryl rings 

N

N N

N

Ni Pd
P
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gives a very broad signal around 6 ppm. The broadness is presumably due to 

restricted rotation, as reduction in temperature resulted in reversible appearance of 

sharper signals in this region. However, the spectra were too complicated even at 400 

MHz to assign all the peaks. There was not time in this project to resolve these 

ambiguities, for example by modifying the aryl groups on the porphyrin to simplify 

the aromatic region. The methyl groups appear as singlets at 0.31, 1.71, 2.06 and 2.53 

ppm. The methyl group at 0.31 ppm is at a very high field due to its position lying 

across the plane of the porphyrin. 

 

 

 

x

x

 
Figure 5.8  1H NMR spectrum of PdBr(NiDPP)(S-TolBINAP) 56 (x = solvent 

residues) 
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5.4 Mass and UV-vis absorption spectra of chiral 

palladioporphyrins 

 

All the chiral palladioporphyrins gave molecular ions in FAB mass spectra. Molecular 

ions for the chloro complexes were also observed as CH2Cl2 was used as the solvent 

for introducing the compound to the matrix. Fragmentation was also apparent and 

logical losses could easily be recognised These included the unsubstituted Ni(II) 

porphyrin. 

 

The visible absorption spectra are typical for DPP derivatives. The wavelength of the 

principal visible absorption bands for the chiral complexes are collected in Table 5.1. 

This data also agree with the non-chiral palladioporphyrins in Section 2.4, in that all 

groups other than H in the 5-position cause a red shift. 

 

Table 5.1 Wavelengths for the principal UV-vis absorption bands for the chiral 

palladioporphyrins and their precursors (in CH2Cl2 solutions) 

 

λmax (nm) Soret Q(1,0) Q(0,0) 

10 399 514 547 

11 409 523 555 sh 

52 423 530 560 sh 

53 422 530 560 sh 

54 422 530 560 sh 

57 417 525 553 sh 

58 417 525 553 sh 
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5.5 CD spectra of chiral palladioporphyrins 

 

  
Figure 5.9 CD spectrum of PdBr(NiDPP(S,S-CHIRAPHOS) 52 

 

Circular dichroism (CD) is the most sophisticated of the chiroptical methods, in that 

rotation and absorbance measurements are made simultaneously. Linearly polarised 

light consists of two beams of circularly polarised light propagating in phase but in 

opposite directional senses. CD represents the differential absorption of left and right 

circularly polarised light, LCP and RCP respectively. The effect of the differential 

absorption is that when the electric vector projections associated with the LCP and 

RCP are recombined after leaving the chiral medium, they describe an ellipse whose 

major axis lies along the new angle of rotation. The measure of the eccentricity of this 

ellipse is defined as the ellipicity (ψ) and this is related to the change in molar 

absorptivity (Δε).14 

 

CD spectroscopy has proven to be a critical tool for monitoring chiral interactions. 

Porphyrins have the following attributes that make them powerful and versatile 

chromophores for CD studies:15 i) The presence of a red-shifted main absorption 
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band, the Soret band at ca. 405 nm for DPP. ii) Intense extinction coefficients, e.g., ε 

is ca. 400,000 for DPP. iii) The ability to modify the substituent groups. iv) Ease of 

metal incorporation into the porphyrin ring. 

 

The CD spectra of these chiral palladioporpyhrin complexes have been measured and 

are displayed in Figures 5.9 – 5.11 with the electronic absorption spectra shown by 

the fine dotted line. The presence of the chiral meso-substituent in these porphyrins 

results in efficient chirality transfer resulting in CD induction in the region of the 

porphyrin electronic absorption. 

 

 

 
Figure 5.10  CD spectra of the BINAP complexes 53 and 54 

 

Expansion of the aromatic part of the phosphine ligand enhances the chirogenesis in 

the porphyrin transitions that is in good agreement with exciton coupling theory.16, 17 

Remarkably high optical activity is observed for the tol-BINAP complexes 53 and 54 

with mirror images obtained for the antipodal porphyrins. 
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Figure 5.11  CD spectrum of PdBr(NiDPP)(R,R-diphos) 57 
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5.6 Summary 

 

Initial studies of chiral palladioporphyrins involved three different types of chiral 

ligands. CHIRAPHOS has two chiral centres that are located in the carbon backbone 

of the ligand. Diphos has two chiral centres located at the phosphorus atoms. BINAP 

has no chiral centres but has axial chirality due to its rotation about the two 

naphthalene ring systems. 

 

Chiral palladioporphyrins are readily prepared by oxidative addition of the Pd(0) 

precursor with bromoporphyrin. This is in agreement with the chelating diphosphines 

in Section 2.3.2. These chiral palladioporphyrins gave complex 1H NMR spectra and 

were assignable from integration and comparison with starting material and similar 

porphyrins. The diphos complexes are highly unstable in chlorinated solvents with the 

loss of the Pd fragment. The asymmetry of the chiral ligands is detectable at the 

remote β-protons in all of the chiral complexes, as eight doublets. The BINAP 

complexes produced complicated spectra due to the large number of aromatic protons 

on the ligand. 

 

The visible absorption spectra for these chiral palladioporphyrins agrees with that of 

all the other Pd(II) complexes in that all groups other than H in the 5-position cause a 

red-shift. 

 

CD spectroscopy is a versatile tool for monitoring chiral interactions. The chirality of 

these ligands in these complexes produces CD induction in the region of the 

porphyrin electronic absorption. High optical activity is observed for the BINAP 

complexes while the other two ligands produced lower optical activity. 
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Chapter 6: EXPERIMENTAL 

6.1 Syntheses 
 

6.1.1 General 
 

Syntheses involving zerovalent metal precursors were carried out in an atmosphere of 

high-purity argon using conventional Schlenk techniques. Chemical reagents and 

ligands were used as received from Sigma-Aldrich unless stated otherwise. All 

solvents were AR grade where available. Toluene and diethyl ether were stored over 

sodium wire. Dichloromethane and chloroform were stored over anhydrous sodium 

carbonate. THF was distilled immediately before use from a dark blue 

sodium/benzophenone solution under an atmosphere of high-purity argon. Analytical 

TLC was performed using Merck silica gel 60 F254 plates and column chromatography 

was performed using Merck silica gel (230-400 mesh). NMR spectra were recorded 

on a Bruker Advance 400 MHz or a Varian Unity 300 MHz instruments in CDCl3 

solutions, using CHCl3 as the internal reference 7.26 ppm for 1H spectra, and external 

85% H3PO4 as the reference for proton-decoupled 31P spectra. The low temperature 

NMR studies were performed by Dr Dennis P. Arnold at Central Queensland 

University, Rockhampton on a Bruker Advance 400 MHz instrument. Qualitative 

UV-visible spectra were recorded on a Varian Cary 3 spectrometer using 

dichloromethane as the solvent. FAB mass spectra were recorded by Dr Noel Davies, 

Central Science Laboratory, University of Tasmania. Microanalyses were performed 

by the Microanalytical Service, Department of Chemistry, University of Queensland. 

The CD spectra were recorded by Dr Victor V. Borovkov, Entropy Control Project, 

ICORP, Japan Science and Technology Agency, Osaka, Japan. 

 

The following reagents were prepared by literature methods: [Pd(PPh3)4],1 

[Pt(PPh3)3],2 dipyrromethane,3 [Pt(COD)2],4 [Pt2dba3].5  

 

Samples of 1,2-bis(methylphenylphosphino)benzene (R,R- and S,S-diphos) were 

kindly supplied by Dr Bruce Wild, Australian National University. The enantiomers 

of TolBINAP weres kindly supplied by Dr Michael L. Williams, Griffith University. 
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6.1.2 Preparation of diarylporphyrins 
 

Starting Porphyrins 

The starting porphyrins were prepared by dissolving dipyrromethane (500 mg, 3.42 

mmol) with an equivalent of the corresponding aldehyde [benzaldehyde, bis(3,5-di-

tert-butyl)benzaldehyde, or p-tolualdehyde] in freshly distilled CH2Cl2 (600 ml). The 

solution was degassed under a stream of argon for 10 min and the reaction vesssel 

was protected from the light with aluminum foil. The reaction was started through the 

addition of trifluoroacetic acid (150 μl, 1.95 mmol). After 24 h the reaction was 

quenched with DDQ (900 mg, 3.96 mmol) and the reaction stirred for an additional 30 

min. The reaction was neutralised with triethylamine (3 ml) and poured directly on 

top of a silica gel column. The product was eluted in 700 ml of CH2Cl2. Any 

contaminating silica was removed by filtration and the solvent removed by rotary 

evaporation leaving purple crystals. The product was recrystallised from CHCl3-

methanol. The spectral data for these starting porphyrins can be found in the literature 

as these compounds have been made via different methods: 5,15-diphenylporphyrin 

(1) [H2DPP]6-8; 5,15-Bis(3,5-di-tert-butylphenyl)porphyrin (4) [H2DAP]7; 5,15-

ditolylporphyrin (7) [H2DTP]7, 9  

 

Bromination of the starting porphyrins 

The starting porphyrin (100 mg) was dissolved in CHCl3 at room temperature and 

then NBS (0.9 equiv) was added. The progress of the reaction was monitored by TLC 

(CH2Cl2:hexane, 1:1). After 30 mins the solvent was removed leaving a purple 

residue. This was dissolved in toluene:hexane (1:1) and placed on a column 

(toluene:hexane, 1:1) and three bands were collected, filtered and the solvents 

removed. The first band is the dibromo complex, the second band is the monobromo 

complex and the third band is the starting porphyrin. All these porphyrins were 

recrystallised from CHCl3-methanol. 

 

The spectral data for the DPP and DAP complexes can be found in the literature as 

these complexes have been made by similar methods: 5-bromo-10,20-

diphenylporphyrin (2) [Br(H2DPP)]10, 11, 5,15-dibromo-10,20-diphenylporphyrin (3) 

[Br2(H2DPP)]10,12, 5-bromo-10,20-bis(3,5-di-tert-butylphenyl)porphyrin (5) 
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[Br(H2DAP)]13 and 5,15-dibromo-10,20-bis(3,5-di-tert-butylphenyl)porphyrin (6) 

[Br2(H2DAP)]13. 

 

The following compounds have not been reported previously. 

5-Bromo-10,20-ditolylporphyrin (8) [Br(H2DTP)] 
1H-NMR:δ -2.99 (2H, s, NH), 2.73 (6H, s, tolyl-Me), 7.59 (4H, d, J = 7.9 Hz, tolyl), 

8.10 (4H, d, J = 7.9 Hz, tolyl), 8.97, 8.98, 9.28 and 9.73 (each 2H, d, J = 4.8 Hz, β-H), 

10.16 (1H, s, meso-H). UV/vis.: λmax (ε/103 M-1cm-1) 416 (365), 480 (3.2), 512 (16.8), 

547 (6.2), 588 (4.9), 645 (2.7) nm. FAB-MS: 570.3 (MH+ calcd. 569.13). Found: C, 

71.33; H, 4.30; N, 9.66. C34H25BrN4 requires C, 71.71; H, 4.42; N, 9.84%.  

 

5,15-Dibromo-10,20-ditolylporphyrin (9) [Br2(H2DTP)] 
1H-NMR:δ -2.73 (2H, s, NH), 2.72 (6H, s, tolyl-Me), 7.57 (4H, d, J = 7.9 Hz, tolyl), 

8.04 (4H, d, J = 7.9 Hz, tolyl), 8.86, 9.60 (each 2H, d, J = 4.8 Hz, β-H). UV/vis.: λmax 

(ε/103 M-1cm-1) 422 (317), 488 (4.1), 521 (15.5), 557 (10.7), 601 (4.5), 658 (5.4) nm. 

FAB-MS: 648.2 (MH+ calcd. 647.04). Found: C, 62.93; H, 3.73; N, 8.56. 

C34H24Br2N4 requires C, 62.98; H, 3.73; N, 8.64%.  

 

 

6.1.3 Metallation of diarylporphyrins 
 

Insertion of Nickel 

To a refluxing solution of freebase porphyrin (100 mg) in CHCl3 (100 ml) was added 

7 equivalents of Ni(acac)2. The reaction was monitored by TLC (CH2Cl2:hexane, 1:1) 

and checked for completion by UV-vis (CH2Cl2). The reaction mixture was cooled 

and the solvent removed by rotary evaporation. The residue was dissolved in CH2Cl2 

and passed through a small column (CH2Cl2). The eluent was filtered to remove any 

fine silica and the solvent removed to yield the nickel porphyrin, which was 

recrystallised from CH2Cl2-hexane. 

 

The spectral data for the DPP and DAP complexes can be found in the literature as 

these complexes have been made by similar methods. 5,15-

diphenylporphyrinatonickel(II) (10) [NiDPP],10,14 5-bromo-10,20-
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diphenylporphyrinatonickel(II) (11) [Br(NiDPP)]10, 5,15-dibromo-10,20-

diphenylporphyrinatonickel(II) (12) [Br2(NiDPP)].10 

The following compounds have not been reported previously. 

5,15-Bis(3,5-di-tert-butylphenyl)porphyrinatonickel(II) (13) [NiDAP] 
1H-NMR: δ 1.56 (36H, s, t-butyl groups) 7.77 (2H, t, p-H of 10,20-Ph), 7.94 (4H, d, 

o-H of 10,20-Ph), 8.99 and 9.18 (each 4H, d, βH), 9.94 (2H, s, meso-H) ppm. 

UV/vis.:λmax (ε/103 M-1 cm-1) 403 (242), 515 (16.6), 546 (6.5) nm. 

 

5,15-Dibromo-10,20-bis(3,5-di-tert-butylphenyl)porphyrinatonickel(II) (14) 

[Br2(NiDAP)] 
1H-NMR: δ 1.56 (36H, s, t-butyl groups) 7.74 (2H, t, p-H of 10,20-Ph), 7.80 (4H, d, 

o-H of 10,20-Ph), 8.77 and 9.44 (each 4H, d, βH). UV/vis.:λmax (ε/103 M-1 cm-1) 421 

(236), 536 (15.9), 567sh (4.6) nm. 

 

5-Bromo-10,20-ditolylporphyrinatonickel(II) (16) [Br(NiDTP)] 
1H-NMR:δ 2.67 (6H, s, tolyl-Me), 7.50 (4H, d, J = 7.9 Hz, tolyl), 7.86 (4H, d, J = 7.9 

Hz, tolyl), 8.84 (4H, d, J= 4.8 Hz, β-H), 9.03 and 9.54 (each 2H, d, J = 4.8 Hz, β-H), 

9.70 (1H, s, meso-H). FAB-MS: 626.2 (MH+ calcd. 625.05). Found: C, 65.34; H, 

3.65; N, 8.81. C34H24BrN4Ni requires C, 65.22; H, 3.70; N, 8.95%.  

 

 

Insertion of Zinc 

To a refluxing solution of freebase porphyrin (100 mg) in CHCl3 (50 ml) was added 5 

equivalents of Zn(OAc)2.2H2O in methanol (4 ml). The reaction was monitored for 

completion by UV-vis (CH2Cl2). The solvents were removed by rotary evaporation 

and the residue dissolved in CH2Cl2 and passed through a small column (CH2Cl2). 

The eluent was filtered to remove any fine silica and the solvent removed to yield the 

zinc porphyrin, which was recrystallised from CH2Cl2-hexane. 

The spectral data for the following complexes can be found in the literature as they 

have been made by similar methods: 5,15-diphenylporphyrinatozinc(II) (18) 

[ZnDPP]12, 15 and 5-bromo-10,20-diphenylporphyrinatozinc(II) (19) [Br(ZnDPP)].12 
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The following compound has not been previously reported. 

5,15-Dibromo-10,20-diphenylporphyrinatozinc(II) (20) [Br2(ZnDPP)] 

Due to solubility problems the compound was coordinated with deuterated pyridine 

for 1H-NMR. 
1H-NMR: δ 7.74 (6H, m, m-, p-H of 10,20-Ph), 8.13 (4H, m, o-H of 10,20-Ph), 8.85, 

9.64 (each 4H, d, βH). UV/vis.:λmax (ε/103 M-1 cm-1) 422 (392), 515 (0.7), 555 (3.1), 

594 (1.1) nm. 

 

Insertion of Cobalt 

5,15-Diphenylporphyrinatocobalt(II) (21) [CoDPP] 

To a solution of 1 (23 mg, 0.05 mmol) in CHCl3 (20 ml) containing triethylamine (1 

ml) was added a solution of Co(OAc)2.4H2O (187 mg, 0.75 mmol) in methanol (4 ml) 

and the mixture was refluxed for 2.5 h. The solvents were removed by rotary 

evaporation and the residue dissolved in CH2Cl2 and washed with water to remove the 

excess salt, then dried with MgSO4 and concentrated to a dark red residue which was 

recrystallised from CH2Cl2-hexane to give a fine orange purple powder. The 

preparation of this compound from Co(acac)2 was previously reported by Shelnutt and 

co-workers and their NMR was performed in C6D5CH3.15  
1H-NMR: δ 9.5 (2H, p-H of 5,15-Ph), 9.7 (4H, m-H of 5,15-Ph), 12.4 (4H, br, o-H of 

5,15-Ph), 15.2, 17.2 (each 4H, br, βH), 24.1 (vbr, meso-H). UV/vis.:λmax (ε/103 M-1 

cm-1) 401 (267), 516 (13.7), 543sh (5.6) nm. FAB-MS: 519.1 (M+ calcd. 519.10). 

 

5-Bromo-10,20-diphenylporphyrinatocobalt(II) (22) [Br(CoDPP)] 

This complex was prepared as described above for 21, from 2 (27 mg, 0.05 mmol), 

yielding the product as fine orange/purple crystals (18 mg, 53%). 
1H-NMR: δ 9.59 (2H, p-H of 10,20-Ph), 9.77 (4H, m-H of 10,20-Ph), 12.6 (4H, br, o-

H of 10,20-Ph), 15.0, 15.6, 16.5, 17.1 (each 2H, br, βH), 27 (vbr, meso-H). UV/vis.: 

λmax (ε/103 M-1 cm-1) 407 (247), 525 (13.7) nm; FAB-MS: 597.0 (M+ calcd. 597.01). 

Found: C, 59.07; H, 3.24; N, 8.47. C32H19BrCoN4⋅CH2Cl2 requires C, 58.73; H, 3.04; 

N, 8.06%. 
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Insertion of Manganese 

Chloro-5,15-diphenylporphyrinatomanganese(III) (23) [Mn(Cl)DPP] 

To a solution of 1 (23 mg, 0.05 mmol) in CHCl3 (10 ml) were added 2 drops of 2,6-

lutidine and MnCl2.4H2O (158 mg, 0.80 mmol) in methanol (2 ml). After refluxing 

for 2.5 h the solution was washed with water to remove the excess metal salts. After 

drying the organic solution with MgSO4, the solvent was removed to leave a dark 

green residue, which was recrystallised from CH2Cl2-hexane to give a dark 

green/purple powder (21 mg, 70%).  
1H-NMR: δ -25 (4H, vbr, β-H), -22 (4H, vbr, β-H), 8.4 (vbr, overlapping signals for 

5,15-Ph),45 (vbr, meso-H). UV/vis.: λmax (ε/103 M-1 cm-1) 347sh (41.5), 367 (53.9), 

392 (33.5), 441sh (10.2), 470 (94.0), 518 (4.4), 568 (9.0), 599 (5.3), 679 vbr (0.7), 

750 (0.8) nm; FAB-MS: 515.0 (M-Cl calcd. 515.11). Found: C, 67.92; H, 3.86; N, 

9.67. C32H20ClMnN4.0.5CH2Cl2 requires C, 68.14; H, 3.64; N, 9.63%. 

 

Chloro-5-bromo-10,20-diphenylporphyrinatomanganese(III) (24) [Br(Mn(Cl)DPP)] 

This complex was prepared as described above for 23, from 2 (27 mg, 0.05 mmol), 

yielding the product as fine dark green/purple crystals (28 mg, 88%). 
1H NMR data were unobtainable due to poor solubility and very broad peaks. 

UV/vis.: λmax (ε/103 M-1 cm-1) 332 sh (32.9), 348 (49.5), 374 (62.5), 400 (50.6), 478 

(113), 529 (5.4), 582 (9.7), 617 (9.1), 693 vbr (0.5), 763 (0.5) nm; FAB-MS: 593.9 

(M-Cl calc. 593.02). Found: C, 60.68; H, 3.10; N, 8.89. C32H19BrClMnN4 requires C, 

61.02; H, 3.04; N, 8.90%). 

 

Chloro-5,15-bis(3,5-di-tert-butylphenyl)porphyrinatomanganese(III) (25) 

[Mn(Cl)DAP] 

This complex was prepared as described above for 23, from 4 (68.7 mg, 0.10 mmol), 

yielding the product as dark green/purple powder (41.5 mg, 55%). 
1H-NMR: δ -25 (4H, vbr, β-H), -21 (4H, vbr, β-H), 1.5 (br, t-butyl groups), 7.4 (br, 

pH of 5,15-Ph), 8.2 (vbr, o-H of 5,15-Ph) 45 (vbr, meso-H). UV/vis.: λmax (ε/103 M-1 

cm-1) 348 (41.6), 369 (57.0), 442sh (11.0), 472 (95.4), 520 (4.7), 570 (9.1), 603 (6.5), 

751 (0.8) nm; FAB-MS: 739.3 (M-Cl calcd. 739.36). Found: C, 74.01; H, 6.91; N, 

7.06. C48H52ClMnN4 requires C, 74.36; H, 6.76; N, 7.23%). 
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Insertion of Indium 

Chloro-10,20-diphenylporphyrinatoindium(III) (26) [In(Cl)DPP] 

InCl3 (22.1 mg, 0.10 mmol) and 1 (23.2 mg, 0.05 mmol) were refluxed in glacial 

acetic acid (25 ml) containing 0.11 g of sodium acetate for 2 h. Completion of the 

complexation reaction was determined spectrophotometrically by the disappearance 

of the 500 nm peak characteristic of the free base porphyrin and the appearance of a 

peak characteristic of indium porphyrin complexes in the 550-600 nm region. The 

indium porphyrin complex crystallised readily from the cooled reaction mixture. The 

product was collected by vacuum filtration, washed with methanol (5 ml) and vacuum 

dried. (Purple powder, 26.2 mg, 85.9% yield) 
1H-NMR: δ 7.8 (2H, m, 10,20-Ph), 7.87 (4H, m, 10,20-Ph), 8.14, 8.48 (each 2H, m, 

10,20-Ph), 9.28, 9.59 (each 4H, d, βH), 10.55 (2H, s, meso-H). UV/vis.:λmax (ε/103 M-

1 cm-1) 413 (555), 508 (2.9), 546 (19.9), 583 (2.9) nm. 

 

Chloro-5-bromo-10,20-diphenylporphyrinatoindium(III) (27) [Br(In(Cl)DPP)] 

This complex was prepared as described above for 26 (27.0 mg, 0.05 mmol) yielding 

the product as purple powder (29.5 mg, 85.8%) 
1H-NMR: δ 7.76-7.88 (6H, m, m-,p-H of 10,20-Ph), 8.10 (2H, d, o-H of 10,20-Ph), 

8.41 (2H, m, o-H of 10,20-Ph), 9.18, 9.19, 9.52, 9.95 (each 2H, d, β-H), 10.46 (1H, s, 

meso-H). UV/vis.:λmax (ε/103 M-1 cm-1) 422 (538), 515 (4.6), 557 (20.3) 595 (6.3) nm. 
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6.2 Palladium complexes 
 

6.2.1 Synthesis using [Pd(PPh3)4] 
 

[PdBr(H2DPP)(PPh3)2] (28)  

Solid Pd(PPh3)4 (23.1 mg, 0.02 mmol) was added to degassed toluene (10 ml) at ca. 

105 °C with stirring. Then 2 (10.8 mg, 0.02 mmol) was added and heating and stirring 

continued. TLC (elution with 3:7 ethylacetate-hexane) showed completion of reaction 

within 15 mins. The toluene was removed under vacuum and the residue was 

triturated twice with ether. Each time the supernatant was decanted, then the volatiles 

were removed under vacuum. The product was recrystallised from CH2Cl2-hexane to 

give 28 as purple crystals (14.0 mg, 60%). 
1H-NMR: δ -3.40 (2H, s, NH), 6.4-6.5 (18H, m, PPh), 7.1-7.2 (12H, m, PPh), 7.71 

(6H, m, m-,p-H of 10,20-Ph), 8.10 (4H, m, o-H of 10,20-Ph), 8.37, 8.82, 9.12, 9.65 

(Each 2H, d, β-H), 9.83 (1H, s, meso-H). 31P-NMR: δ 24.55(s). UV/vis.:λmax (ε/103 M-

1 cm-1) 428 (320), 522 (13.5), 560 (9.8), 600 (4.4), 654(6.3) nm. 

 

[PdBr(NiDPP)(PPh3)2] (29)  
1H-NMR: δ 6.6 (18H, m, PPh), 7.2 (12H, m, PPh), 7.6 (6H, m, m-, p-H of 10,20-Ph), 

7.91 (4H, m, o-H of 10,20-Ph), 8.24, 8.69, 8.94 and 9.40 (each 2H, d, βH), 9.55 (1H, 

s, meso-H). 31P-NMR: δ 29.8(s). UV/vis.:λmax (ε/103 M-1 cm-1) 420 (118), 529 (11.0), 

560sh (4.0) nm. 

 

[PdBr(ZnDPP)(PPh3)2] (30)  
1H-NMR: δ 6.4 (18H, m, PPh), 7.2 (12H, m, PPh), 7.7 (6H, m, m-, p-H of 10,20-Ph), 

8.12 (4H, m, o-H of 10,20-Ph), 8.53, 8.93, 9.22 and 9.79 (each 2H, d, βH), 9.94 (1H, 

s, meso-H). 31P-NMR: δ 25.0(s). UV/vis.:λmax (ε/103 M-1 cm-1) 430 (212), 550 (11.7), 

594sh (4.5) nm. 
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6.2.2 Synthesis using [Pd2dba3] and bidentate diphosphines 
 

[PdBr(H2DPP)(dppe)] (31)  

Toluene (10 ml) was added to a Schlenk flask and heated to 105 °C under a stream of 

Ar. 1,2-Bis(diphenylphosphino)ethane (dppe, 32 mg, 0.08 mmol) was added, 

followed by tris(dibenzylideneacetone)dipalladium(0) (Pd2dba3, 18 mg, 0.02 mmol). 

The dark purple colour of the palladium starting material faded, leaving a clear yellow 

solution. After stirring for a further 10 mins, 2 (10.8 mg, 0.02 mmol) was added, and 

the mixture was stirred at 105 °C for a further 2.5 h, and the reaction progress was 

monitored by TLC using CH2Cl2-hexane as the eluent. After cooling to room 

temperature, the volume was reduced to about 1/3 under vacuum, and ether was added 

to precipitate 31 as dark purple crystals (17 mg, 80%). The crystal structure of this 

complex was reported previously.10 
1H-NMR: δ -2.95 (2H, s, NH), 2.53 (4H, m, PCH2), 6.24 (4H, td, m-PPh on P cis to 

DPP), 6.48 (4H, dd, o-PPh on P cis to DPP), 6.72 (2H, br t, p-PPh on P cis to DPP), 

7.6-7.8 (12H, m, 10,20-Ph and PPh on P trans to DPP), 8.05 (2H, br d, PPh on P trans 

to DPP), 8.24 (2H, br d, PPh on P trans to DPP), 8.3-8.4 (4H, m, 10,20-Ph), 8.52, 

8.87, 9.18, 9.52 (Each 2H, d, β-H), 9.94 (1H, s, meso-H). 31P-NMR: δ 42.6 (d, JPP 28 

Hz), 57.0 (d, JPP 28 Hz). UV/vis.: λmax (ε/103 M-1 cm-1) 397 sh (108), 414 (303), 509 

(12.5), 544 (7.5), 580 (5.7), 634 (5.7) nm. FAB-MS: 1047.1 (MH+ calcd. 1047.14), 

MH+ for the chloro complex also observed. 

 

[PdBr(H2DPP)(dppp)] (32)  

This complex was prepared by the method above for 31 with heating for 4 h to obtain 

purple crystals (70% yield). 
1H-NMR: δ -2.95 (2H, s, NH), 1.98 (2H, br m, CH2),2.35+2.5(4H, br m, PCH2), 5.52 

(4H, td, m-PPh on P cis to DPP), 5.60 (2H, dd, p-PPh on P cis to DPP), 6.16 (4H, dd, 

o-PPh on P cis to DPP) 7.55-7.7 (12H, m, 10,20-Ph and PPh on P trans to DPP), 8.07 

(2H, br d, PPh on P trans to DPP), 8.17 (4H, m,10,20-Ph), 8.29 (2H, br d, PPh on P 

trans to DPP), 8.65, 8.85, 9.15, 9.82 (Each 2H, d, β-H), 9.95 (1H, s, meso-H). 31P-

NMR: δ -1.4 (d, JPP 53 Hz), 21.2 (d, JPP 53 Hz). UV/vis.: λmax (ε/103 M-1 cm-1) 426 

(324), 492 (4.0), 520 (14.6), 557 (9.8), 592 (4.8), 647 (6.2) nm. 
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[PdBr(H2DPP)(dppf)] (33)  

This complex was prepared by the method above for 31, however the bromoporphyrin 

was consumed within 40 min, and the product precipitated directly from the hot 

reaction mixture. A 60% yield of 33 was obtained by cooling, collecting the brown 

powder, washing with cold toluene (2 ml), then hexane (2 ml), and vacuum drying.  
1H-NMR: δ -3.25 (2H, s, NH), 3.65 (2H, br dd, 3,4-Cp trans to DPP), 4.17 (2H, br, 

2,5-CP trans to DPP), 4.55 (2H, br, 3,4-Cp cis to DPP), 4.9 (2H, vbr, 2,5-Cp cis to 

DPP), ca. 5.4 (vbr, PPh on P cis to DPP), 6.2 (vbr, PPh on P cis to DPP), 7.6-7.8 

(12H, m, 10,20-Ph and PPh on P trans to DPP), 8.11 (2H, br d, PPh on P trans to 

DPP), 8.26 (2H, br d, PPh on P trans to DPP), 8.48 (4H, br t, 10,20-Ph) 8.73, 8.84, 

9.11, 10.00 (Each 2H, d, β-H), 9.81 (1H, s, meso-H). 31P-NMR: δ 18.5 (d, JPP 34 Hz), 

37.5 (d, JPP 34 Hz). UV/vis.: λmax (ε/103 M-1 cm-1) 4.26 (324), 491 (4.4), 521 (14.9), 

558 (10.8), 594 (4.9), 649 (6.5)nm. FAB-MS: 1203.2 (MH+ calc. 1203.2). Found: C, 

66.2; H, 4.2; N, 4.8. C66H49BrFeN4P2Pd requires C, 65.9; H, 4.1; N, 4.7%. 

 

 

6.2.3 Synthesis of bis-palladium complexes 
 

[bis-[PdBr(dppf)](H2DAP)] (34)  

Toluene (10 ml) was added to a Schlenk flask and heated to 105° under a stream of 

Ar. dppf (88.7 g, 0.16 mmol) was added, followed by Pd2dba3 (36.6 mg, 0.04 mmol). 

The dark purple colour of the palladium starting material faded rapidly, leaving a 

clear orange solution. After stirring for a further 5 min, 6 (16.9 mg, 0.02 mmol) was 

added, and the mixture was stirred at 105° for a further 3h, and the reaction progress 

was monitored by TLC using ethyl acetate-hexane 1:1 as the eluent. The 

bromoporphyrin was consumed within 40 min, and the product precipitated directly 

from the hot reaction mixture. A 69% yield of bis-[PdBr(dppf)](H2DAP) (30 mg) was 

obtained by cooling, collecting the green/brown powder, washing with cold toluene (2 

ml), then hexane (2 ml), and vacuum drying. 
1H-NMR: δ -3.60 (2H, br s, NH), 1.55 (36H, s, t-butyl groups on 10,20-Ph), 3.50 (4H, 

s, 3,4-Cp trans to DAP), 4.12 (4H, s, 2,5-Cp trans to DAP), 4.48 (4H, br s, 3,4-Cp cis 

to DAP), 4.88 (vbr, 2,5-Cp cis to DAP), 5.4 (vbr, PPh on P cis to DAP), 6.18 (vbr, 

PPh on P cis to DAP), 7.6-7.8 (m, 10,20-Ph and PPh on P trans to DAP), 8.05 (m, 
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PPh on P trans to DAP), 8.26 (2H, br d, PPh on P trans to DAP), 8.53 (br t, 10,20-Ph) 

8.65, 9.78 (Each 4H, d, β-H). 31P-NMR: δ 12.5 (d, JPP 34 Hz), 32.4 (d, JPP 34 Hz). 

UV/vis.: λmax (ε/103 M-1 cm-1) 446 (266), 507 (6.9), 547 (12.4), 585 (23.7), 623 (5.7), 

682 (15.1) nm. FAB-MS: 2168.5 (MH+ calc. 2162.27). Found: C, 63.91; H, 4.93; N, 

2.66. C116H108Br2Fe2N4P4Pd2 requires C, 64.31; H, 5.03; N, 2.59%. 

 

bis-[PdBr(dppf)](NiDAP) (35)  

The method above for 34 was used to prepare this complex (34mg, 77% yield) from 

14 (18.1 mg, 0.02 mmol).  
1H-NMR: δ 1.55 (36H, s, t-butyl groups on 10,20-Ph), 3.54 (4H, s, 3,4-Cp trans to 

DAP), 4.12 (4H, s, 2,5-Cp trans to DAP), 4.48 (4H, br s, 3,4-Cp cis to DAP), 4.85 

(4H, s, 2,5-Cp cis to DAP), 5.85 (vbr, PPh on P cis to DAP), 6.40 (vbr, PPh on P cis 

to DAP), 7.62-7.8 (m, 10,20-Ph and PPh on P trans to DAP), 8.03 (m, PPh on P trans 

to DAP), 8.26 (2H, br d, PPh on P trans to DAP), 8.41 (br t, p-H on 10,20-Ph) 8.48, 

9.55 (Each 4H, d, β-H). 31P-NMR: δ 12.6 (d, JPP 34 Hz), 32.3 (d, JPP 34 Hz). UV/vis.: 

λmax (ε/103 M-1 cm-1) 441 (186), 550 (15.6), 590 (9.8) nm. FAB-MS: 2222.4 (MH+ 

calc. 2219.19). Found: C, 61.10; H, 4.65; N, 2.52. C116H106Br2Fe2N4NiP4Pd2 requires 

C, 62.67; H, 4.81; N, 2.52%. 
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6.3 Platinum complexes 
 

6.3.1 Synthesis of mono-platinum complexes 
 

[cis-PtBr(H2DPP)(PPh3)2] (36) and [trans-PtBr(H2DPP)(PPh3)2] (37) 

(a) Toluene (5 ml) was added to a Schlenk flask and heated to 105 °C under a stream 

of argon. Pt(PPh3)3 (16 mg, 0.017 mmol) was added, followed by 2 (9 mg, 0.017 

mmol). The reaction mixture was stirred under Ar and a sample was removed for TLC 

analysis (dichloromethane-hexane 1:1) after 12 min. This showed the presence of the 

cis isomer 36 as the major, less mobile product, with a small amount of trans isomer 

37. The reaction mixture was then cooled, and the solvent was removed under 

vacuum. The residue was separated by column chromatography, eluting with CH2Cl2-

hexane-triethylamine 80:20:0.5. Unreacted 2 was eluted first, followed by 37 then 36. 

The isolated cis isomer 36 was recrystallised from CH2Cl2-hexane. By extending the 

heating time to 6h in a separate experiment, the trans isomer 37 was isolated as the 

major product using CH2Cl2-hexane-triethylamine 70:30:1 as eluent, and was 

recrystallized from CH2Cl2-hexane. Some exchange to form the chloro analogue 

occurred in the presence of chlorinated solvents. 

(b) Toluene (5 ml) was added to a Schlenk flask and heated to 105°C under a stream 

of argon. Pt(COD)2 (8.3 mg, 0.02mmol) and PPh3 (10.5 mg, 0.04 mmol) were added 

followed by 2 (5.4 mg, 0.01 mmol). The reaction progress was monitored by TLC 

using CH2Cl2-hexane as the eluent. After 4.5 hours the reaction mixture was cooled 

and the solvent removed under high vacuum. The residue was separated by column 

chromatography, eluting with CH2Cl2-hexane-triethylamine (70:30:1). Unreacted 2 

was eluted first, followed by 37 then 36. 37 was the major product and was 

recrystallised from CH2Cl2-hexane. 

(c) Toluene (6 ml) was added to a Schlenk flask and heated to 105°C under a stream 

of argon. Dibenzylideneacetone-platinum(0) (Pt(dba)2/Pt(dba)3, 21.9 mg) and PPh3 

(21.0 mg, 0.08 mmol) were added followed by 2 (10.8 mg, 0.02 mmol). The reaction 

progress was monitored by TLC, using CH2Cl2-hexane as the eluent. After 6 hours the 

reaction mixture was cooled and the solvent removed under high vacuum. The residue 

was separated by column chromatography, eluting with CH2Cl2-hexane-triethylamine 
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(70:30:1). Unreacted 2 was eluted first, followed by 37 then 36. 37 was the major 

product (12.9 mg, 51%) and was recrystallised from CH2Cl2-hexane. 

 

[cis-PtBr(H2DPP)(PPh3)2] (36)  
1H-NMR: δ -3.2 (vbr s, NH), 6.0 (vbr, PPh on P cis to DPP), 6.8 (vbr, PPh on P cis to 

DPP), 7.2-7.4 (br m, PPh), 7.7-7.9 (br m, PPh and m-, p-10,20-Ph), 8.10, 8.31 (Each 

2H, br d, o-10,20-Ph), 8.77, 8.82, 9.10, 10.16 (Each 2H, d, β-H), 9.81 (1H, s, meso-

H). 31P-NMR: δ 22.2 (s, JPtP trans to Br 4276 Hz, JPtP trans to DPP 1775 Hz, satellites 

each d, JPP 17.2 Hz). UV/vis.: λmax (ε/103 M-1 cm-1) 430 (370), 493 (4.1), 523 (13.8), 

559 (10.0), 590 (4.9), 650 (6.2) nm. FAB-MS: 1261.3 (MH+ calc. 1261.25). 

 

[trans-PtBr(H2DPP)(PPh3)2] (37) 
1H-NMR: δ -3.32 (2H, br s, NH), 6.4-6.55 (18H, m, PPh), 7.2-7.3 (12H, m, PPh), 7.7 

(6H, m, m-, p-10,20-Ph), 8.10, (4H, dd, o-10,20-Ph), 8.35, 8.80, 9.10, 9.76 (Each 2H, 

d, β-H), 9.82 (1H, s, meso-H). 31P-NMR: δ 27.8 (JPtP 2958 Hz). UV/vis.: λmax (ε/103 

M-1 cm-1) 434 (393), 495 (4.1), 526 (13.6), 563 (11.5), 599 (4.5), 655 (7.5) nm. FAB-

MS: 1261.3 (MH+ calc. 1261.25). 

 

[trans-PtCl(H2DPP)(PPh3)2] (38) 

The fortuitous preparation of this complex was achieved through the recrystallisation 

of 36 over a period of 3 months in CH2Cl2-hexane. 
1H-NMR: δ -3.29 (2H, br s, NH), 6.45-6.5 (18H, m, PPh), 7.18-7.28 (12H, m, PPh), 

7.7 (6H, m, m-, p-10,20-Ph), 8.10, (4H, dd, o-10,20-Ph), 8.32, 8.79, 9.10, 9.74 (Each 

2H, d, β-H), 9.81 (1H, s, meso-H). 31P-NMR: δ 28.8 (JPtP 2958 Hz). 

 

[cis-PtBr(NiDPP)(PPh3)2] (30)  

The preparation of this complex by oxidative addition of 11 to Pt(PPh3)3 was 

described above for 36(a). 
1H-NMR: δ 6.2 (vbr, PPh on P cis to DPP), 6.7 (vbr, PPh on P cis to DPP), 7.2-7.4 

(m, PPh), 7.6-7.8 (br m, PPh and m-, p-10,20-Ph), 8.0 (br o-10,20-Ph), 8.61, 8.73, 

8.92, 9.91 (Each 2H, d, β-H), 9.49 (1H, s, meso-H). 31P-NMR: δ 22.4 (d, JPP 16.9 Hz, 

JPtP trans to Br 4248 Hz),22.8 (JPP 16.9 Hz JPtP trans to DPP 1795 Hz). UV/vis.: λmax 

 105



(ε/103 M-1 cm-1) 424 (183), 533 (13.0), 579 sh (2.8) nm. FAB-MS: 1318.3 (M+ calc. 

1318.16). 

 

[trans-PtBr(NiDPP)(PPh3)2] (40)  

(a) The preparation of this complex by oxidative addition of 11 (11.9 mg, 0.02 mmol) 

to [Pt(PPh3)3] (19.5 mg, 0.02 mmol) was described above for 37(a).  

(b) A solution of 37 (12.6 mg, 0.01 mmol) and Ni(acac)2 (12.8 mg, 0.05 mmol) in 1,2-

dichloroethane (50 ml) and triethylamine (0.5 ml) was refluxed for 3.5h. The volitiles 

were removed by rotary evaporation and the residue was dissolved in CH2Cl2 and 

passed through a short column of silica gel, eluting with CH2Cl2. The isolated 

complex was recrystallised from CH2Cl2-hexane to give 40 as glistening purple plates 

(10 mg, 76%). 
1H-NMR: δ 6.4-6.55 (18H, m, PPh), 7.2-7.3 (12H, m, PPh), 7.7 (6H, m, m-, p-10,20-

Ph), 8.10, (4H, dd, o-10,20-Ph), 8.21, 8.66, 8.92, 9.51 (Each 2H, d, β-H), 9.52 (1H, s, 

meso-H). 31P-NMR: δ 28.5 (JPtP 2940 Hz). UV/vis.: λmax (ε/103 M-1 cm-1) 415 (231), 

488 sh (4.0), 523 (15.8), 555 sh (4.8) nm. FAB-MS: 1318.1 (MH+ calc. 1318.16). 

Found: C, 61.65; H, 3.7; N, 4.2. C68H49BrN4NiP2Pt requires C, 62.0; H, 3.75; N, 

4.25%. 

 

[trans-PtBr(ZnDPP)(PPh3)2] (41)  

(a) This complex was prepared by method (a) as described above for 37, and obtained 

as bright purple crystals (7.0 mg, 53%). 

(b) To a refluxing solution of 37 (25 mg, 0.02 mmol) in CHCl3 (20 ml) containing 

triethylamine (1 ml) was added a solution of Zn(OAc)2⋅2H2O (22 mg, 0.1 mmol) in 

methanol (2 ml), and the mixture was refluxed for 27 h. After treatment as described 

above under 40(b), the product was obtained as purple crystals (20 mg, 75%). When 

the triethylamine was omitted, the reaction was complete in less than 3 h, as shown by 

UV-visible spectroscopy. 
1H-NMR: δ 6.35-6.50 (18H, m, PPh), 7.20-7.35 (m, PPh), 7.72 (6H, m, m-, p-10,20-

Ph), 8.13, (4H, m, o-10,20-Ph), 8.50, 8.90, 9.19, 9.92 (Each 2H, d, β-H), 9.93 (1H, s, 

meso-H). 31P-NMR: δ 23.5 (JPtP 2989 Hz). UV/vis.: λmax (ε/103 M-1 cm-1) 369 (12.5), 

430 (443), 482 (3.5), 518 (3.1), 555 (14.9), 599 (7.3) nm. FAB-MS: 1324.0 (MH+ 
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calc. 1324.5). Found: C, 60.68; H, 3.74; N, 4.08. C68H49BrN4P2PtZn 0.5CH2Cl2 

requires C, 60.35; H, 3.67; N, 4.08%. 

 

[trans-PtBr(CoDPP)(PPh3)2] 42  

(a) Toluene (5 ml) was placed in a Schlenk flask and heated to 105° under a stream of 

Ar. Pt(PPh3)3 (11.8 mg, 0.012 mmol) was added, followed by 22 (6 mg, 0.01 mmol). 

The mixture was stirred under Ar at 105°C for 6h, after which it was cooled, and the 

solvent was removed under vacuum. The residue was subjected to chromatography 

through a short column of silica gel, eluting with CH2Cl2-hexane-triethylamine 

70:30:1 (v/v). Traces of unreacted 22 eluted first, followed by the main product, and 

then a weak band due to the corresponding cis isomer. The trans isomer was 

recrystallised from CH2Cl2-hexane to give dark purple crystals (8.3 mg, 63%).  

(b) This complex was also prepared as follows. To a solution of 37 (25 mg, 0.02 

mmol) in CHCl3 (20 ml) containing triethylamine (1 ml) was added a solution of 

Co(OAc)2⋅4H2O (75 mg, 0.3 mmol) in methanol (4 ml), and the mixture was refluxed 

for 27h. The solvents were removed by rotary evaporation and the residue was 

dissolved in CH2Cl2 and the solution was passed through a short column of silica gel 

to remove excess salt. The eluate was concentrated to a dark red residue which was 

recrystallised from CH2Cl2-hexane to give dark purple crystals (20 mg, 76%). 
1H-NMR: δ -2.2 (vbr, PPh), 1.5 (vbr, PPh), 5.6 (br, PPh), 9.55, (2H, p-10,20-Ph), 

9.70, (4H, m-10,20-Ph), 12.6, (4H, o-10,20-Ph), 15.5, 15.8, 17.1, 17.9 (Each 2H, br, 

β-H), 29.5 (vbr, meso-H). 31P-NMR: δ 24.1 (JPtP 2965 Hz). UV/vis.: λmax (ε/103 M-1 

cm-1) 420 (214), 533 (12.4), 567 sh (4.2) nm. FAB-MS: 1317.1 (M+ calc. 1318.0). 

Found: C, 60.73; H, 3.71; N, 4.06. C68H49BrCoN4P2Pt 0.5CH2Cl2 requires C, 60.65; 

H, 3.69; N, 4.10%. 

 

[trans-PtBr(Mn(Cl)DPP)(PPh3)2] (43)  

(a) Toluene (5ml) was placed in a Schlenk flask and heated to 105°C under a stream 

of Ar. Pt(PPh3)3 (11.8 mg, 0.012 mmol) was added, followed by 24 (6.3 mg, 0.01 

mmol). The Mn porphyrin dissolved slowly over an hour. The reaction mixture was 

stirred under Ar at 105°C for 5 h, then cooled, and the solvent was removed under 

vacuum. The residue was washed with hexane (3 ml) and then recrystallised from 

CH2Cl2-hexane to give 43 as dark green crystals (8.6 mg, 64%).  
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(b) This complex was also prepared as follows. To a solution of 37 (25 mg, 0.02 

mmol) in CHCl3 (10 ml) were added 2,6-lutidine (2 drops) and MnCl2⋅4H2O (63 mg, 

0.32 mmol) in methanol (2 ml). After refluxing for 9 h, the solution was washed with 

water to remove excess metal salt. After drying the organic solution with MgSO4, the 

solvent was removed to leave a dark green residue, which was recrystallised from 

CH2Cl2-hexane to give a dark green crystalline material (17.5 mg, 65%). 
1H-NMR: δ -31 (4H, vbr, βH), -22 (2H, vbr, βH), -17 (2H, vbr, βH), ca. 8.4 (vbr, 

overlapping signals for 10,20-Ph), 3-15, (vbr, including peak at ca. 7, PPh), 47(vbr, 

meso-H). 31P-NMR: δ -26, 68 (pair of broad d, 2JPP 420 Hz, 1JPtP see Section 3.5 and 

Figure 3.6). UV/vis.: λmax (ε/103 M-1 cm-1) 345 sh (25.9), 361 sh (29.7), 386 (35.0), 

410 (34.0), 426 (30.8), 484 (71.0), 541 (4.5), 603 (7.0), 635 (10.0) nm. FAB-MS: 

1349.1 (M+ 13%), 1313.1 (M-HCl, 100%). Found: C, 60.05; H, 3.78; N, 4.12. 

C68H49BrClMnN4P2Pt requires C, 60.52; H, 3.66; N, 4.15%. 

 

[trans-PtBr(In(Cl)DPP)(PPh3)2] (44)  

(a) The preparation of this complex by oxidative addition of 27 (6.9 mg, 0.01 mmol) 

to Pt(PPh3)3 (9.8 mg, 0.01 mmol) was described above for 37(a). 

(b) A solution of 37 (25.8 mg, 0.02 mmol) and InCl3 (11.1 mg, 0.05 mmol) in glacial 

acetic acid (12 ml) containing 0.06 g of sodium acetate was refluxed. Completion of 

the complexation reaction was determined spectrophotometrically by the 

dissapperance of the 526 nm peak characteristic of the freebase porphyrin and the 

apperance of the peaks characteristic of the indium porphyrin complexes in the 565 

nm and 616 nm regions. The indium porphyrin complex crystallised readily from the 

cooled reaction mixture and was filtered by vacuum filtration, washed with methanol 

and vacuumed dry. 
1H-NMR: δ 5.76 (6H, m, PPh), 6.58(4H, m, PPh), 7.14 (10H, m, PPh) 7.60-7.80 

(15H, m, PPh, 10,20-Ph), 8.15, (5H, m, 10,20-Ph), 8.58, 9.04, 9.31, 9.94 (each 2H, d, 

β-H), 10.09 (1H, s, meso-H). UV/vis.: λmax (ε/103 M-1 cm-1) 435 (526), 528 (4.6), 568 

(14.2), 615 (15.4) nm. 
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6.3.2 Bis-platinum complexes 
 

[trans-PtBr(H2DPPBr)(PPh3)2] (45) and [bis-[PtBr(PPh3)2](H2DPP)] (46) 

Toluene (10 ml) was added to a Schlenk flask and heated to 105°C under a stream of 

Ar. Pt(PPh3)3 (98 mg, 0.10 mmol) was added, followed by 3 (25 mg, 0.04 mmol). The 

mixture was heated at 105°C for 4 h. At this point, TLC analysis showed that no 

further change was occurring, so the solvent was removed under vacuum, and the 

residue was subjected to column chromatography on silica gel, eluting with CH2Cl2-

hexane 70:30 (v/v). The mono-addition product 45 was eluted first, followed by 46, 

and the complexes were recrystallised from CH2Cl2-hexane as bright purple crystals 

(21 mg, 37%) and fine dark purple needles (27 mg, 32%), respectively.  

[trans-PtBr(H2DPPBr)(PPh3)2] (45) 
1H-NMR: δ -3.79 (2H, br s, NH), 6.45-6.55 (18H, m, PPh), 7.2-7.3 (m, PPh), 7.6 (6H, 

m, m-, p-10,20-Ph), 8.05, (4H, m, o-10,20-Ph), 8.26, 8.68, 9.45, 9.64 (Each 2H, d, β-

H). 31P-NMR: δ 17.6 (JPtP 2935 Hz). UV/vis.: λmax (ε/103 M-1 cm-1) 435 (364), 504 

(5.1), 538 (10.8), 575 (14.5), 610 (5.0), 669(7.8) nm. 

 

[bis-[PtBr(PPh3)2](H2DPP)] (46) 
1H-NMR: δ -3.79 (2H, br s, NH), 6.42-6.55 (18H, m, PPh), 7.2-7.3 (m, PPh), 7.66 

(6H, m, m-, p-10,20-Ph), 8.01, (4H, m, o-10,20-Ph), 8.20 and 9.58 (Each 4H, d, β-H). 
31P-NMR: δ 23.0 (JPtP 2986 Hz). UV/vis.: λmax (ε/103 M-1 cm-1) 446 (335), 507 (6.1), 

545 (11.4), 584 (20.3), 622 (6.2), 682 (12.5) nm. 

 

[trans-PtBr(NiDPPBr)(PPh3)2] (47) and [bis-[PtBr(PPh3)2](NiDPP)] (48) 

The preparation for these complexes by oxidative addition of 12 (27 mg, 0.04 mmol) 

to Pt(PPh3)3 (98 mg, 0.10 mmol) was described above for 45 and 46. The complexes 

47 and 48 were recrystallised from CH2Cl2-hexane as bright purple crystals (21 mg, 

37%) and fine dark purple needles ( 27 mg, 32%), respectively.  

 

[trans-PtBr(NiDPPBr)(PPh3)2] (47) 
1H-NMR: δ 6.55-6.75 (18H, m, PPh), 7.2-7.3 (m, PPh), 7.64 (6H, m, m-, p-10,20-Ph), 

7.86, (4H, m, o-10,20-Ph), 8.12, 8.57, 9.29, 9.40 (Each 2H, d, β-H). 31P-NMR: δ 23.1 
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(JPtP 2918 Hz). UV/vis.: λmax (ε/103 M-1 cm-1) 432 (174), 545 (12.2), 579 sh (3.8) nm. 

FAB-MS: 1396.0 (M+ calc. 1396.6). Found: C, 58.48; H, 3.46; N, 3.98. 

C68H48Br2N4NiP2Pt requires C, 58.48; H, 3.46; N, 4.01%. 

 

[bis-[PtBr(PPh3)2](NiDPP)] (48) 
1H-NMR: δ 6.7 (36H, m, PPh), 7.3 (m, PPh), 7.60 (6H, m, m-, p-10,20-Ph), 7.85, (4H, 

m, o-10,20-Ph), 8.07, 9.48 (Each 4H, d, β-H). 31P-NMR: δ 22.6 (s, JPtP 2971 Hz). 

UV/vis.: λmax (ε/103 M-1 cm-1) 443 (283), 507 (13.3), 551 (23.3), 594 (16.1) nm. FAB-

MS: 2116.5 (M+ calc. 2116.3). Found: C, 58.44; H, 3.72; N, 2.64. 

C104H78Br2N4NiP4Pt2 requires C, 59.02; H, 3.71; N, 2.65%. 
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6.4 Chiral palladioporphyrins 
 

[PdBr(NiDPP)(R,R-CHIRAPHOS)] (51)  

Toluene (5 ml) was added to a Schlenk flask and heated to 105 °C under a stream of 

Ar. R,R-CHIRAPHOS (17.0 mg, 0.04 mmol) was added, followed by 

tris(dibenzylideneacetone)-dipalladium(0) (Pd2dba3, 18.3 mg, 0.02 mmol). The dark 

purple colour of the palladium starting material faded, leaving a clear dark yellow 

solution. After stirring for a further 5 mins, 11 (11.9 mg, 0.02 mmol) was added, and 

the mixture was stirred at 105 °C for a further 2 h, and the reaction progress was 

monitored by TLC using CH2Cl2-hexane as the eluent. After cooling to room 

temperature, the volume was reduced to about 1/3 under vacuum, and hexane was 

added to precipitate the product 51, filtered and washed with hexane and vacuum 

dried to yield a fine dark purple powder (17.1 mg, 75.7%).  
1H-NMR: δ 0.80 (3H, m, CH3), 1.03 (3H, m, CH3), 2.13 (1H, m, CH), 2.65 (1H, m, 

CH), 5.24 (4H, m, PPh), 5.56 (1H, br t, PPh), 7.04-7.10 (3H, br t, PPh), 7.36-7.43 

(4H, m, PPh), 7.58-7.62 (4H, m, PPh), 7.65-7.70 (10H, m, 10,20-Ph and PPh ), 8.09-

8.16 (4H, m, PPh), 8.29, 8.45,8.76, 8.77, 8.89, 9.00, 9.27, 9.41, (Each 1H, d, β-H), 

9.57 (1H, s, meso-H) ppm. 31P-NMR: δ 41.8 (d, JPP 38.5 Hz), 58.9 (d, JPP 38.5 Hz). 

 

[PdBr(NiDPP)(S,S-CHIRAPHOS)] (52)  

This complex was prepared by the method above for 51 using 10 ml of toluene, SS-

CHIRAPHOS (12.8 mg, 0.03 mmol) Pd2dba3 (13.7 mg, 0.015 mmol) and 11 (11.9 

mg, 0.02 mmol) to yield a fine purple powder (22.2 mg, 98.6%) 
1H-NMR: δ 0.80 (3H, m, CH3), 1.03 (3H, m, CH3), 2.13 (1H, m, CH), 2.65 (1H, m, 

CH), 5.24 (4H, m, PPh), 5.56 (1H, br t, PPh), 7.04-7.10 (3H, br t, PPh), 7.36-7.43 

(4H, m, PPh), 7.58-7.62 (4H, m, PPh), 7.65-7.70 (10H, m, 10,20-Ph and PPh ), 8.09-

8.16 (4H, m, PPh), 8.29, 8.45,8.76, 8.77, 8.89, 9.00, 9.27, 9.41, (Each 1H, d, β-H), 

9.57 (1H, s, meso-H) ppm. 31P-NMR: δ 41.8 (d, JPP 38.5 Hz), 58.9 (d, JPP 38.5 Hz). 

UV/vis.: λmax (ε/103 M-1 cm-1) 422 (184), 530 (14.9), 560 sh (4.4)nm. FAB-MS: 

1131.18 (MH+ calcd. 1131.0), MH+ for the chloro complex also observed. Found: C, 

63.76; H, 4.23; N, 4.49. C60H47BrN4NiP2Pd requires C, 63.72; H, 4.19; N, 4.95%. 
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[PdBr(NiDPP)(R-tol-BINAP)] (53)  

Toluene (10 ml) was added to a Schlenk flask and heated to 105 °C under a stream of 

Ar. R-tol-BINAP (54.3 mg, 0.08 mmol) was added, followed by Pd2dba3 (18.0 mg, 

0.02 mmol). The dark purple colour of the palladium starting material lightened to a 

dark orange solution. After stirring for a further 10 mins, 11 (11.9 mg, 0.02 mmol) 

was added. The solution changed to orange/purple. The reaction was maintained at 

105 °C under Ar. and monitored by TLC (ethylacetate: Hexane, 3:7). After 5 h the 

solution was dark purple/red. The reaction was cooled to room temperature and the 

solvent removed under high vacuum. The product 53 was recrystallised from CH2Cl2-

hexane in 80% yield as a fine dark purple powder.  
1H-NMR: δ 0.31, 1.71, 2.06 and 2.53 (each 3H, s, CH3), 4.67 (2H, m, Ptol), 4.83 (2H, 

m, Ptol), 6.60 (4H, m, Ptol), 6.95-7.46 (m, Naph and 10,20-Ph),7.50 (2H, m, 

Ptol),7.60-7.70 (m, 10,20-Ph), 7.97 (1H, d, Ptol), 8.31 (1H, t, Ptol), 8.61, 8.74, 8.79, 

8.82, 8.98, 8.99, 9.84, 10.07 (each 1H, d, β-H), 9.58 (1H, s, meso-H) ppm. 31P-NMR: 

δ 11.9 (s, JPP 37.4 Hz), 25.03 (s, JPP 37.4 Hz). UV/vis.: λmax (ε/103 M-1 cm-1) 422 

(196), 530 (15.8), 560 sh (4.8)nm. FAB-MS: 1382.3 (MH+ calcd. 1383.3), MH+ for 

the chloro complex also observed.  

 

[PdBr(NiDPP)(S-tol-BINAP)] (54)  

This complex was prepared by the method above for 53. 
1H-NMR: δ 0.31, 1.71, 2.06 and 2.53 (each 3H, s, CH3), 4.67 (2H, m, Ptol), 4.83 (2H, 

m, Ptol), 6.60 (4H, m, Ptol), 6.95-7.46 (m, Naph and 10,20-Ph),7.50 (2H, m, 

Ptol),7.60-7.70 (m, 10,20-Ph), 7.97 (1H, d, Ptol), 8.31 (1H, t, Ptol), 8.61, 8.74, 8.79, 

8.82, 8.98, 8.99, 9.84, 10.07 (each 1H, d, β-H), 9.58 (1H, s, meso-H) ppm. 31P-NMR: 

δ 11.9 (s, JPP 37.4 Hz), 25.03 (s, JPP 37.4 Hz). UV/vis.: λmax (ε/103 M-1 cm-1) 422 

(206), 530 (16), 560 sh (4.8)nm. FAB-MS: 1380.9 (MH+ calcd. 1383.3), MH+ for the 

chloro complex also observed.  

 

PdBr(NiDTP)(S-tol-BINAP) (56)  

This complex was prepared by the method above for 53 using 6 ml of toluene, S-tol-

BINAP (54.3 mg, 0.08 mmol) Pd2dba3 (18.0 mg, 0.02 mmol) and 16 (12.5 mg, 0.02 

mmol) to yield a fine purple powder (13.0 mg, 46.1%) 
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1H-NMR: δ 0.30, 1.70, 2.06 and 2.53 (each 3H, s, CH3 on Ptol), 2.66 and 2.70 (each 

3H, s, CH3 on DTP), 4.65 (2H, m, Ptol), 4.82 (2H, m, Ptol), 6.58 (4H, m, Ptol), 7.00-

7.48 (m, Naph and 10,20-Ph),7.50 (2H, m, Ptol),7.60-7.80 (m, 10,20-Ph), 7.97 (1H, d, 

Ptol), 8.31 (1H, t, Ptol), 8.59, 8.74, 8.77, 8.82, 8.96, 8.97, 9.79, 10.01 (each 1H, d, β-

H), 9.54 (1H, s, meso-H) ppm. 31P-NMR: δ 12.7 (s, JPP 37.4 Hz), 25.8 (s, JPP 37.4 

Hz). 

 

[PdBr(NiDPP)(R,R-diphos)] (57)  

Toluene (6 ml) was added to a Schlenk flask and heated to 105 °C under a stream of 

Ar. R,R-diphos (19.4 mg, 0.06 mmol) was added, followed by Pd2dba3 (27.5 mg, 0.03 

mmol). The dark purple colour of the palladium starting material lightened to a dark 

orange solution. After stirring for a further 10 mins, 11 (11.9 mg, 0.02 mmol) was 

added. The solution changed to purple/orange. The reaction was maintained at 105 °C 

under Ar. and monitored by TLC (CH2Cl2-hexane, 3:7). After 15 min a dark 

precipitate was noted. After 30 min the reaction mixture was cooled and the 

precipitate was collected by vacuum filtration and dried under high vacuum to yield 

57 (57%) as dark purple powder.  
1H-NMR: δ 1.02, 2.59 (each 3H, d, CH3), 5.51 (2H, m, PPh cis to DPP), 6.01 (2H, m, 

PPh cis to DPP), 6.69 (1H, m, PPh cis to DPP), 7.22 (2H, m, PPh trans to DPP), 7.47 

(2H, m, PPh trans to DPP), 7.55 (4H, m, CH), 7.64 (8H, m, 10,20-Ph), 7.89 (3H, m, 

10,20-Ph and PPh trans to DPP), 8.14, 8.73, 8.76, 8.77, 8.85, 9.06, 9.07, and 9.41 

(each 1H, d, β-H), 9.72 (1H, s, meso-H) ppm. UV/vis.: λmax (ε/103 M-1 cm-1) 417 

(200), 525 (14.6), 553 sh (4.3)nm. FAB-MS: 1026.2 (MH+ calcd. 1024.02), MH+ for 

the chloro complex also observed.  

 

[PdBr(NiDPP)(S,S-diphos)] (58)  

This complex was prepared by the method above for 57. 
1H-NMR: δ 1.02, 2.59 (each 3H, d, CH3), 5.51 (2H, m, PPh cis to DPP), 6.01 (2H, m, 

PPh cis to DPP), 6.69 (1H, m, PPh cis to DPP), 7.22 (2H, m, PPh trans to DPP), 7.47 

(2H, m, PPh trans to DPP), 7.55 (4H, m, CH), 7.64 (8H, m, 10,20-Ph), 7.89 (3H, m, 

10,20-Ph and PPh trans to DPP), 8.14, 8.73, 8.76, 8.77, 8.85, 9.06, 9.07, and 9.41 

(each 1H, d, β-H), 9.72 (1H, s, meso-H) ppm. UV/vis.: λmax (ε/103 M-1 cm-1) 418 
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(178), 524 (14.3), 553 sh (5.6)nm. FAB-MS: 1026.2 (MH+ calcd. 1024.02), MH+ for 

the chloro complex also observed.  

 

 

 

6.5 Electrochemical experiments 
 

The voltammetry experiments were carried out by Dr. Dennis P. Arnold at the 

Research School of Chemistry, Australian National University, in CH2Cl2 (freshly 

distilled from CaH2 under N2) containing 0.5 M Bu4NPF6, using a PAR model 170 

system linked to an Apple Macintosh LC630 computer via a MATLAB interface 

controlled by Echem software (AD Instruments). 

 

A standard three-electrode configuration was used for the electrochemical 

measurements, with Pt button working electrode and Pt wire counter electrode. The 

reference electrode comprised a silver wire coated with silverchloride separated from 

the working solution by two fritted jackets. The internal chamber containing the wire 

was filled with 0.05 M Bu4NCl-0.45 M Bu4NPF6 and the external chamber containing 

the working solution was filled with 0.5 Bu4NPF6, all in CH2Cl2. The working 

solution was pre-purged and subsequently protected with N2. Electrode potentials are 

reported using ferrocene as internal standard [E0(ox) = +0.55V]. The stated E0 values 

were operationally defined by the ac peak potentials (or the mean of the forward and 

reverse ac peak potentials in some cases where these were not precisely coincident). 

 

 

 

6.6 X-ray crystallography 
 

Crystals of the compounds, suitable for X-ray diffraction studies, were grown by slow 

diffusion of hexane into dichloromethane solutions of the complexes. Unique data sets 

were collected at 293K with Rigaku AFC7R rotating anode diffractometer (ω-2θ scan 

mode, monochromated Mo-Kα radiation λ = 0.7107Å) to 2θmax = 50% yielding N 
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independent reflections, N0 with I > 2σ(I) being considered observed. Empirical 

absorption correlation was applied based on ψ-scans. The structures were solved by 

Professor Peter C. Healy (School of Science, Griffith University) using direct 

methods, expanded by using Fourier techniques and refined by full-matrix least 

squares on ⏐F⏐ for observed data using the teXan for Windows crystallographic 

software package, version 1.06, from Molecular Structure Corporation.16 Non-

hydrogen atoms for all complexes except 40 and 38 were refined anisotropically. In 

40 and 38 marginal crystal quality yielded data sets that did not support anisotropic 

refinement of all the carbon and nitrogen atoms and these were refined isotropically, 

(x,y,z, Uiso)H were included and constrained at estimated values. The hydrogen atoms 

on the porphyrin nitrogens in the free-base were not located. Flack parameters for the 

compounds supported the proposed absolute structures. Conventional residues, R, Rw 

are quoted at convergence, weights derivatives of w = 1/[σ2(F)] were employed. [For 

full details see Appendix.] 

 

 

 

 

6.7 Fluorescence spectroscopy 
 

The fluorescence spectra were recorded on a Cary Eclipse spectrophotometer. 

Excitation and emission slit widths were 5 nm. Excitation wavelength was set at the 

maximum for the corresponding porphyrin Soret band. Concentrations of all 

compounds were 2 x 10-6 M in CH2Cl2. Detector voltage was set at 740 V. 
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CHAPTER 7: CONCLUSIONS / FUTURE WORK 

 

7.1 Conclusions 
 

meso-Metalloporphyrins have been shown to be an interesting new field of chemistry, 

combining both organometallic and porphyrin chemistry. Many of the methodologies 

presented in this project are just starting points for further work in this area. These 

organometallic porphyrins may be useful in the fields of molecular electronic devices 

and in catalysis. The aim of this project was to expand this new field to encompass the 

metals palladium and platinum, and to prepare a wide range of derivatives with 

different porphyrins and ancillary ligands. 

 

The parent porphyrins used through out this project include diphenylporphyrin (DPP), 

bis(3’,5’-di-tert-butylphenyl)porphyrin (DAP) and ditolylporphyrin (DTP). The 

synthesis of these diarylporphyrins is performed by [2+2] cyclisation of two moles 

each of the arylaldehyde and dipyrromethane. The early work was carried out on DPP 

derivatives, as they are reasonably soluble in chlorinated solvents and to a lesser 

extent in aromatics and ethyl acetate. However, the dibromo derivative is not very 

soluble unless metallated. The DAP derivatives are extremely soluble and tend to stay 

in solution, thus decreasing recoveries. The DTP derivatives have the desirable 

qualities of both DPP and DAP, namely good solubility, yet also satisfactory recovery 

from solution. 

 

The meso-palladioporphyrins were prepared using oxidative addition of the aryl-

bromine bond to a suitable Pd(0) phosphine precursor. Initial studies were performed 

with Pd(PPh3)4 or Pd2dba3 plus PPh3. By using the universal precursor Pd2dba3 it was 

possible to incorporate the chelating diphosphines, dppe, dppp and dppf. In all cases, 

quantitative conversion of the haloporphyrin to palladioporphyrin was demonstrated, 

although losses resulted during isolation and crystallisation. Apart from the partial 

exchange of the chloro for bromo ligand, all compounds survived recrystallisation 

from CH2Cl2-hexane, provided the recrystallisation was rapid. However storage in 
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solution in the presence of methanol for more than a day, resulted in the protolysis of 

the Pd-porphyrin bond, forming the unsubstituted porphyrin. 

 

Pairs of cis- and trans-isomers of the Pt(II) complexes were isolated from the 

oxidative addition of Pt(PPh3)3 to the bromoporphyrins 2 and 11. In both cases, the 

initially formed Pt(II) complexes were the cis-isomers 36 and 39 and they were 

slowly being converted to the trans-isomers 37 and 40. These complexes are 

thermally activated as the cis-isomer isomerised to the trans-isomer over 6 hours with 

heating, even in the absence of excess ligand. At room temperature the two isomers 

are geometrically stable and survive unchanged through column chromatography and 

slow recrystallisation. However a sample of the bromo cis-isomer 36 was left in 

CH2Cl2-hexane solution for a period of 3 months and it was converted to the chloro 

trans-isomer 38 through nucleophilic exchange. 

 

The central metal ion can be introduced either before or after the oxidative addition to 

Pt(0). It is preferable to add the metal last as the complexes of Br(MDPP) are rather 

insoluble (especially that of MnCl) and are more difficult to handle than the common 

intermediate trans-[PtBr(H2DPP)(PPh3)2] 37. 

 

The more crowded organoplatinum porphyrins were prepared from dibromoporphyrin 

with excess Pt(PPh3)3, however the yields were only 32% after separation from the 

intermediate mono-Pt compounds. The attempts to create platinum porphyrins with 

bidentate phosphines have all proven unsuccessful. 

 

The visible absorption spectra for all Pd(II) and Pt(II) complexes are typical for 

diarylporphyrins. All groups other than H in the 5- or 5- and15-positions cause a red 

shift for both the free bases and central-metal complexes. For the doubly substituted 

complexes there is a significant red-shift of all bands with respect to their mono-

substituted analogue. 

 

The Pd(II) complexes with monodentate phosphine ligands all exhibit sharp 1H NMR 

spectra while the Pd(II) complexes with bidentate chelating phosphine ligands were 

more complex. Informative trends have emerged by comparing chemical shifts of the 

porphyrin protons across this series. The β-pyrrole and meso-protons for the Ni(II) 
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complexes appear upfield of those for the corresponding freebases. When both the 5- 

and 15-carbons are substituted with Pd(II), the β-pyrrole signals are shifted further 

upfield. 

 

The diamagnetic Pt(II) complexes all exhibit understandable 1H NMR spectra. For the 

cis-isomers 36 and 39, the signals for the phenyls on P cis to DPP are extremely broad 

and this corresponds with the behaviour seen for the chelating diphosphines in the 

Pd(II) series. In the 31P NMR spectra for the cis-isomers 36 and 39, the widely 

differing trans influences of the ligands result in differing 1JPtP values. Thus the meso-

η1-porphyrin ligand behaves on Pt(II) as a typical σ-bound hydrocarbyl group. The 
1H and 31P NMR spectra of the trans-isomers of the diamagnetic complexes are 

typical for this class of compound. The trans-(bisphosphine)Pt unit exhibits a singlet 
31P resonance with 195Pt satelites and 1JPtP values as expected for P trans to P (ca. 

2950 Hz). In all cases, as with the Pd(II) complexes, there is an upfield shift of the 

porphyrin protons across this series. The shifts are due to either or both of the 

following factors: i) the –PtBr(PPh3)2 is an electron donor; ii) the bulky substituent 

causes out-of-plane distortions of the aromatic macrocycle, resulting in reduced ring 

current. 

 

In order to assign the 1H NMR spectra of the paramagnetic complexes 42 and 43, 

comparisons were made with their precursors. Porphyrin complexes of d7 Co(II) give 

reasonably sharp 1H resonances exhibiting widths-at-half-heights of the meso proton 

signals at ca. 200 Hz. The 31P resonance for 42 is almost as sharp as those for the 

diamagnetic analogues, and occurs at a very similar shift. The situation for the 

chloroMn(III) complexes in which the metal ion is square-pyramidal d4 is more 

complex. However the signals for 43 could be located by comparisons with the 

spectrum of 23. The spectrum of 24 could not be obtained due to its low solubility. 31P 

spectrum of 43 is remarkably different from any of the others in the series. The effects 

of the facial asymmetry of the square-pyramidal metalloporphyrin are greatly 

amplified by the effects of the paramagnetism. The two 31P resonances appear as 

doublets at 68 and –26 ppm. Interestingly, the average of these shifts is 21 ppm, 

placing it near the typical position for the CO, Ni and Zn complexes. 
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An objective of this project was to compare the coordination chemistry of the late 

first-row transition metal ions with the new organoplatinum porphyrin ligands and to 

study the structures of both the ligands and complexes by single-crystal X-ray 

crystallography. The crystal structure determination of the Pt(II) complexes includes 

cis-[PtBr(MDPP)(PPh3)2] (M = H2 36, Ni 39), trans-[PtBr(MDPP)(PPh3)2] (M = H2 

37, Ni 40, Zn 41 and Co 42), trans-[PtCl(H2DPP)(PPh3)2] 38 and trans-

[PtBr(NiDPPBr)(PPh3)2] 47. In all these structures, the free bases are virtually planar 

while the metallo derivatives adopt a hybrid of the ruffled and saddled conformations. 

Attempts to investigate the solid-state structure of 43 were frustrated by the poor 

quality and twinning of the crystals, but the connectivity of the molecule was 

confirmed. 

 

The effects of the platinum or the palladium moiety on the redox properties of the 

porphyrin ring were studied for the free base and Ni(II) complex by cyclic and ac 

voltammetry. For comparison, the unsubstituted DPP compounds 1 and 10 and the 

mono-bromo compounds 2 and 11 were also measured. The Pt containing species 

gave good reversible or quasi-reversible waves. The voltammetric data of the first 

oxidation potential clearly confirms that the PtBr(PPh3)2 moiety is a strong electron 

donor. The effect of the second Pt substituent is basically additive. The fact that both 

the free base and Ni(II) complexes exhibit very similar effects is good evidence that i) 

oxidation occurs at the porphyrin ring, not at the Ni(II) centre and ii) the changes in 

spectra and electrode potentials due to the Pt substituent are electronic in origin and 

not related to out-of-plane distortions in the Ni(II) complexes. Similar effects are 

noted for the corresponding Pd compounds 28 and 29, although the shifts in redox 

potentials are not quite as large and the first reduction is irreversible with the loss of 

the Pd substituent. The last piece of evidence for a strong electron-donation 

substituent effect is the remarkable decrease in reactivity towards the second 

oxidative addition in the attempted conversion of 12 to 48. The Pt substituent is 

clearly decreasing the polarity of the opposite C-Br bond and inhibiting the insertion 

of the Pt(0) moiety. 

 

The emissions of only the free base and zinc porphyrins were detected for this series 

of compounds. The fluorescence intensities of the meso-substituted porphyrins are 

dramatically reduced in comparison with the unsubstituted porphyrins. The 

 120 



introduction of the Br has decreased the fluorescence intensity 100 fold while the 

introduction of the PtBr(PPh3)2 moiety has decreased the fluorescence 1000 fold. This 

fluorescence quenching can be attributed to the “heavy atom effect”. 

 

The initial studies of chiral palladioporphyrins involve the incorporation of three 

different types of chiral diphosphines. CHIRAPHOS has two chiral centres located in 

the carbon backbone of the ligand. Diphos has two chiral centres located at the 

phosphorus atoms. BINAP has no chiral centres, instead it has axial chirality through 

restricted rotation about the bond joining the two naphthalene ring systems. 

 

These chiral palladioporphyrins exhibit typical 1H NMR spectra similar to the 

chelating diphosphines in Section 2.3.2. These spectra were assignable from 

integration and comparison with the spectra of the starting material and similar 

porphyrins. The stability of these chiral complexes is low, with the diphos complex 

highly unstable in chlorinated solvents with the loss of the Pd fragment. The 

asymmetry of the chiral ligand is detectable at the remote β-protons in all the chiral 

complexes, as all eight β-protons are seen as eight doublets. The BINAP complexes 

produce a complicated 1H NMR spectrum due to the number non-equivalent of 

aromatic protons in the BINAP ligand. The visible absorption spectra are typical for 

DPP derivatives and agrees with the trends for Pd(II) and Pt(II) complexes. 

 

CD spectroscopy is a crucial tool for monitoring chiral interaction and the presence of 

the chiral ligand in these Pd(II) complexes results in efficient chirality transfer 

resulting in the CD induction in the region of the porphyrin electronic absorption. The 

presence of the aromatic part of the phosphine ligand in the BINAP ligand enhances 

the chirogenesis. 
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7.2 Future work 

 

Research always goes on, when one door closes another takes its place, for there are 

always new ideas to explore. 

 

The chemistry of these new organometallic porphyrins still needs to be studied with 

respect to the stability of the porphyrinyl Pd and Pt complexes to acids, bases and 

light.  

 

The emission spectra for the free base and Zn(II) organometallic porphyrins in 

Section 4.5 showed a dramatic fluorescence quenching attributed to the “heavy atom 

effect”. This quenching of the fluorescence could be studied through the 

measurements of the lifetimes of the excited singlet and triplet states, and whether the 

complexes are phosphorescent. However these measurements require collaboration 

with researchers who have the suitable equipment as the equipment is not available at 

QUT. These organometallic porphyrins are still the only examples of porphyrins 

directly bonded to transition metals and these tests of the heavy atom effect on 

emission would be of interest to researchers in this general field. 

 

The instability of the Pd-C bond has made the study of the chiral complexes, from 

Chapter 5, challenging. It is therefore desirable to make the Pt complexes with the 

chelating diphosphine ligands, especially those containing the chiral ligands. These Pt 

chiral complexes may be stable enough to be used for chiral recognition. Such Pt 

chiral complexes could be used as an effective chiral bifunctional system that contains 

a chiral source (the Pt substituent) connected to the binding or catalytic site (central 

metal in the porphyrin). Another application for these chiral Pt porphyrins is chirality 

induction (supramolecular chirogenesis) in various achiral guests that absorb light in 

different regions. Particularly those chiral porphyrins with high optical activity should 

be quite suitable hosts for this. 

 

It would be advantageous if a better method for making the bis-Pt complexes was 

available, as the porphyrin could be surrounded with a chiral sheath, in a similar 

manner that the dppf ligand surrounds the porphyrin in the bis-Pd complexes made in 
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Chapter 2. This may generate better chiral receptors to induce chirality in achiral 

guest molecules like C60 that are known to interact with porphyrins non-covalently. 
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Figure 7.1  Proposed structure for bis(porphyrin)Pt complex 

 

One of the major questions people ask about these organometallic porphyrins is 

whether bis(porphyrin)Pt complexes have been made (Figure 7.1). This cannot be 

made by the oxidative addition method, but if a nucleophilic porphyrin species could 

be made it might be possible to substitute the halide from the porphyrin bis(ligand) 

bromo complexes. The nearest complex to this was created by Hartnell et al.1, who 

produced the porphyrin-Pt-ethyne-porphyrin structure (Figure 7.2). 
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Figure 7.2  trans-[Pt(NiDPP)(C2NiDPP)(PPh3)2] 
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APPENDIX 

Appendix I.  X-ray structure data for the trans complexes 37 and 38. 

Compound Number 37 38 

Formula 2{trans-[PtBr(H2DPP) 

(PPh3)2]}0.5CH2Cl2

2{trans-[PtCl(H2DPP) 

(PPh3)2]}0.5CH2Cl2

Empirical Formula C136.5H103Br2ClN8P4Pt2 C68.5H50Cl2N4P2Pt 

Unit cell  Dimensions:   

a (Å) 16.735 (3) 13.348 (4) 

b (Å) 23.358 (4) 29.798 (6) 

c (Å) 15.119 (2) 14.518 (5) 

α (º) 95.81 (2) 90 

β (º) 102.41 (1) 90.92 

γ (º) 82.05(2) 90 

Volume (Å3) 5701 ( ) 5774 (3) 

Crystal System triclinic monoclinic 

Space Group P1  P21  

Z 2 4 

Formula weight 2564.7 1257.12 

Density (g cm-3) 1.49 1.45 

μ (cm-1) 32.8 26.1 

N 20106 10426 

N0 10036 7934 

R 0.046 0.051 

Rw 0.045 0.060 

T max 0.720 1.000 

T min 0.522 0.698 

F(000) 2562.00 2524.00 

Temperature (K) 293.2 293.2 

Crystal Description plate plate 

Crystal Colour purple purple 

Crystal Size:    

max (mm) 0.30 0.60 

mid (mm) 0.30 0.30 

min (mm) 0.10 0.05 

CDCC Reference No. 141068 N/A 
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Appendix II.  X-ray structure data for the trans complexes 40 and 41. 

Compound Number 40 41 

Formula trans-[PtBr(NiDPP) 

(PPh3)2]0.5CH2Cl2

trans-[PtBr(ZnDPP) 

(PPh3)2]0.5CH2Cl2

Empirical Formula C68.5H50BrClN4NiP2Pt C68.5H50BrClN4P2PtZn 

Unit cell  Dimensions:   

a (Å) 13.333 (6) 13.386 (6) 

b (Å) 29.719 (4) 29.890 (7) 

c (Å) 14.441 (7) 14.523 (5) 

α (º) 90 90 

β (º) 91.14 (4) 90.75 (3) 

γ (º) 90 90 

Volume (Å3) 5721 (3) 5810 (3) 

Crystal System monoclinic monoclinic 

Space Group P21  P21  

Z 4 4 

Formula weight 1317.8 1324.48 

Density (g cm-3) 1.58 1.56 

μ (cm-1) 36.1 36.5 

N 10343 10225 

N0 7465 6730 

R 0.064 0.043 

Rw 0.068 0.042 

T max 0.652 0.583 

T min 0.497 0.491 

F(000) 2708.00 2716.00 

Temperature (K) 293.2 293.2 

Crystal Description plate needle 

Crystal Colour red black 

Crystal Size:    

max (mm) 0.45 0.60 

mid (mm) 0.25 0.20 

min (mm) 0.12 0.15 

CDCC Reference No. 186869 186870 
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Appendix III. X-ray structure data for the trans complexes 42 and 47. 

Compound Number 42 47 

Formula trans-[PtBr(CoDPP) 

(PPh3)2]0.5CH2Cl2

trans-[PtBr(NiDPPBr) 

(PPh3)2]0.5CH2Cl2

Empirical Formula C68.5H50BrClCoN4P2Pt C68H48Br2N4NiP2Pt 

Unit cell  Dimensions:   

a (Å) 13.344 (2) 14.252 (6) 

b (Å) 29.730 (6) 15.381 (6) 

c (Å) 14.451 (2) 13.474 (5) 

α (º) 90 105.86 (3) 

β (º) 91.10 (1) 91.20 (3) 

γ (º) 90 78.23 (4) 

Volume (Å3) 5732 (2) 2780 (2) 

Crystal System monoclinic triclinic 

Space Group P21 (C2
2, No.4) P1 

Z 4 2 

Formula weight 1318.04 1396.7 

Density (g cm-3) 1.58 1.67 

μ (cm-1) 35.7 43.9 

N 10316 9777 

N0 8123 7165 

R 0.043 0.033 

Rw 0.040 0.032 

T max 0.703 0.817 

T min 0.420 0.365 

F(000) 2704.00 1380.00 

Temperature (K) 295.2 293.2 

Crystal Description prismatic prism 

Crystal Colour red red 

Crystal Size:    

max (mm) 0.50 0.60 

mid (mm) 0.35 0.30 

min (mm) 0.10 0.05 

CDCC Reference No. 186868 186871 
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Appendix IV.  X-ray structure data for the cis complexes 36 and 39 

Compound Number 36 39 

Formula cis-PtBr(H2DPP)(PPh3)2 cis-PtBr(NiDPP)(PPh3)2

Empirical Formula C68H50BrN4P2Pt C68H49BrN4NiP2Pt 

Unit cell  Dimensions:   

a (Å) 14.921 (4) 17.932 (4) 

b (Å) 16.432 (7) 10.924 (6) 

c (Å) 14.267 (5) 27.847 (6) 

α (º) 103.28 (3) 90 

β (º) 96.47 (3) 97.94 (2) 

γ (º) 67.69 (3) 90 

Volume (Å3) 3148 (2) 5402 

Crystal System triclinic monoclinic 

Space Group P1 P21/n 

Z 2 4 

Formula weight 1271.11 1317.80 

Density (g cm-3) 1.34 1.62 

μ (cm-1) 29.5 37.7 

N 11075 10067 

N0 6877 6153 

R 0.050 0.030 

Rw 0.065 0.028 

T max 1.000 0.828 

T min 0.835 0.629 

F(000) 1268 2624 

Temperature (K) 293.2 293.2 

Crystal Description needle plate 

Crystal Colour black maroon 

Crystal Size:    

max (mm) 0.30 0.55 

mid (mm) 0.15 0.15 

min (mm) 0.15 0.05 

CDCC Reference No. N/A 141069 
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