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ABSTRACT 

 

Synthesis and Characterization of Metal-Oxo Phthalocyanine Complexes 

 

by 

 

Christopher Joseph Kirby Jr. 

 

 The synthesis of two substituted phthalocyanine ligands for synthesis of metal 

phthalocyanine complexes is reported. Both phthalocyanine ligands contain ethereal 

substitutions of differing size. One substitution is an ethoxy phthalocyanine species and 

the other is an isopropoxy phthalocyanine.  

 The synthesis and characterization of two vanadyl (IV) phthalocyanine species is 

reported. EPR data, mass spectrometry data and x-ray diffraction are included to 

characterize the vanadyl ethoxyphthalocyanine. The vanadyl isopropoxyphthalocyanine 

is characterized by mass spectrometry. 

 The synthesis and characterization of a chromium (II) phthalocyanine is reported. 

The species is characterized by NMR, mass spectrometry and x-ray diffraction. This 

species and its reactions with O atom donors are reported and the results are examined.  

 The synthesis and characterization of a manganese (III) chloride and a “naked” 

manganese (III) ethoxyphthalocyanine are reported. Mass spectrometry and NMR are 

used to characterize these two species. The reactions of these species with O atom donors 
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are reported and some preliminary data is examined to explore the potential formation of 

a manganese oxo phthalocyanine species.  
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1.1 Introduction  

 A heme is defined as an iron containing porphyrin that forms the non-protein 

portion of some biological molecules. Hemes are present in a multitude of proteins in 

nature, and within each of these proteins they perform a variety of different functions. For 

example, myoglobin and hemoglobin are proteins capable of binding oxygen reversibly. 

Myoglobin functions to store oxygen for use in muscle tissue, while hemoglobin works to 

transport it throughout the body in the bloodstream.1 

 There also exists an important class of heme metalloproteins, referred to as 

cytochrome P450 enzymes (Figure 1.1). These enzymes are used to catalyze a range of 

oxidative reactions in vivo, including: substrate hydroxylations, nitrogen atom transfer 

and olefin epoxidations.2-3 Unlike myoglobin and hemoglobin, which are used to capture 

and transport oxygen throughout the body, these proteins are capable of binding oxygen 

and cleaving the O=O bond, thereby generating high-valent metal species capable of 

activating strong C–H bonds.4 The high-valent species eluded scientists for years, and it 

was not until 2010 that the high-valent iron-oxo species was isolated and characterized.5-6 

 

Figure 1.1. A heme protein in cytochrome P450. Iron holds a +4 charge in this species 
and a cysteine residue helps to balance out the charge on the iron-oxo.  
 
1.2 Synthetic Molecular Mimics of Terminal Metal-Oxo Species   

 Many different ligands have been synthesized in order to generate a synthetic 

model of the natural species. Among these are porphyrins, which are identical to the 

Fe
N
N N

N

CO2HHO2C

O

S
Cys
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biological framework of the ligand seen in hemes. Corroles and phthalocyanines mimic 

porphyrins in that they contain the same square-planar motif of heme around the metal 

and would give a square-pyramidal structure on the addition of an oxo.  

1.2.1 Porphyrin / Porphyrazines 

 Porphyrin rings are the name given to the ligand of heme proteins (Figure 1.2a). 

Porphyrins have been synthesized to be the most similar model complex for the various 

hemoproteins. Porphyrins and their analogs, such as porphyrazines (Figure 1.2b), consist 

of four pyrrole subunits connected in a cyclic form at their α-carbons by methine or 

nitrogen atom bridges, respectively.  

 

Figure 1.2. The structure of a (a) porphyrin and (b) porphyrazine ligand 

 The synthesis of porphyrin metal complexes capable of binding molecular oxygen 

have been known and cited in literature for decades.7-14 Perhaps one of the more famous 

models of forming an iron dioxygen species, much like that of hemoproteins, is the 

“picket fence” porphyrin.8-9, 15-20 The “picket fence” porphyrin (Figure 1.3) modelled the 

reversible oxygen binding seen in heme proteins such as oxymyoglobin and 

oxyhemoglobin. The porphyrin in this system forms its “picket fence” by substitution of 

ortho-pivalamidophenyl groups on the methine bridge in place of protons.8 In the 

synthesis of this ligand, it is very important that the proper atropisomer is isolated. 

Atropisomerization is a form of stereoisomerization where free rotation around a single 

bond is obstructed due to steric strain. In the “picket fence” porphyrin, the bulk of the 

HN

N

NH

N

NN

N N

HN

N

NH

N

a) b)
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Figure 1.3. Molecular structure of the “picket fence” porphyrin. Note the ortho-
pivalamidophenyl substituents, these serve to trap oxygen helping to bind O2. 
 
ortho-pivalamidophenyl group prevents its rotation around the bond of the phenyl to the 

bridging carbon. These groups serve to leave one axial site on the iron center completely 

open to binding of an axial base (similar to the histidine subunits in hemeproteins) while 

leaving a pocket on the opposite axial site to allow binding of dioxygen. This in turn 

prevents the reaction of two porphyrins with molecular oxygen.8 This system serves as a 

suitable model for heme proteins such as myoglobin and hemoglobin as it shows the 

ability to bind and isolate a species with molecular oxygen.  

 Other models mimic different biological systems such as the manganese-oxo 

present in photosystem II in plants. The manganese oxo bond has been synthesized using 

porphyrins despite the differences in structure, as photosystem II is not a system 

containing a porphyrin. Specifically, the oxygen evolving complex within photosystem II 

has multiple manganese-oxo bonds including both terminal and bridging oxos. During 

photosynthesis this structure is responsible for the splitting of water to form dioxygen.21-

23 There have been multiple attempts to make similar systems and study the reactivity of 

manganese-oxo species using a porphyrin ligand framework.24-30 One such manganese 

terminal oxo was seen to be a reactive oxidant (Figure 1.4).  

Fe N
N

N
N

NH
HN

HN

NH

O

O

O

O
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Figure: 1.4. Manganese(V) oxo porphyrin complex synthesized as an oxidation catalyst 
using m-CPBA. 
 

The species was capable of forming phosphorus(V) oxides from phosphorus(III) species 

(Scheme 1.1).27  

 

Scheme 1.1. Oxidation of triphenyl phosphine to triphenylphosphine oxide by 1.4. 
Reaction takes place at room temperature.  
 
 Porphyrins have been a very useful ligand platform to mimic reactions that occur 

in vivo. In particular, the picket fence porphyrin is a very good mimic showing the ability 

of iron to bind dioxygen, much like myoglobin and hemoglobin. Other porphyrin systems 

that have been synthesized have shown the ability of metal oxo species to do oxidative 

chemistry.  

1.2.2 Corroles / Corrolazines  

 Corroles and corrolazines (Figure 1.5a and Figure 1.5b) are a relatively new 

framework with many similarities to both phthalocyanines (vide infra) and porphyrins; 

N

N N

N

Cl

Cl

Cl

Cl

Cl

Cl Cl
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O

Cl

P OP
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however, they differ in a few specific ways. These systems are related to the corrin ligand 

that is found in vitamin B12.31-36 They contain four pyrrole rings, which are composed of 

three single atom linkages to each other on either α-carbon, and one direct linkage from 

α-carbon to α-carbon. In addition, these species act as LX3-type ligand donors with an 

overall -3 charge compared with the typical L2X2-type donation (-2 charge) that general 

phthalocyanines and porphyrins contain. The differences between corrin-based ligands 

and porphyrins are helpful for modelling the proposed intermediates and transition states 

of hemes and other biological systems. This is due to the ligand’s charge, as it enables the 

metals to achieve higher oxidations states. 

 

Figure 1.5. The structure of (a) corrole and (b) corrolazine  

 The corrolazine ligand (Figure 1.5b) was introduced by the Goldberg group at 

Johns Hopkins University as a means of simplifying the complex synthesis of corroles. 

The synthetic method of making this ligand is less involved, as it can be synthesized 

rather easily from a porphyrazine.37 Corrolazines differ from corroles as they contain 

nitrogen atoms as the linker between pyrrole rings. 

 
 Using these frameworks, metalation of corroles and their derivative species is 

rather simple and has been accomplished using several first row metals, including: cobalt, 

copper, and vanadium.38-40 Most relevant to this thesis are those of iron and manganese.41-

44 Iron or manganese corroles or corrolazines have been used to synthesize high-valent 

metal-oxo and amido species. These have been used for further chemical transformations 

N

N

N
HN

HNNH

NHN

HNNH

N

a) b)
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similar to that of the biological species that they mimic. For example, a manganese oxo 

species generated by the Goldberg group was first isolated on treatment of a manganese 

(III) corrolazine with meta-chloroperbenzoic acid (m-CPBA) (Scheme 1.2).45  

 

Scheme 1.2. Reaction of the manganese(III) corrolazine with an O-atom donor affords a 
manganese(V) oxo species. Alternatively use of dioxygen with UV light creates the same 
product. 1equivalent of m-CPBA, DCM, 25oC, 1min. 
 

Alternatively it was noted that this species can be generated under aerial oxidation 

with visible light.46 A similar manganese-oxo corrole was synthesized and used to study 

C–H activation. The manganese-oxo corrole is capable of hydrogen atom transfer (HAT) 

as it extracts a single hydrogen to make the hydroxo (Scheme 1.3a), and then the 

hydroxo is able to extract a second hydrogen atom to form the aqua species (Scheme 

1.3b). These manganese species are capable of oxidizing the substrate (in this case a 

series of phenol substrates) using both the oxo and hydroxo species.47 In addition to these 

oxo species, an iron imido corrolazine similar to that of certain cytochrome enzymes was 

synthesized for use in the transfer of substituted amines. The iron imido is capable of 

transferring an NR group to various phosphine substrates affording the phospharane 

product.44 
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Scheme 1.3. C-H activation by (a)  a manganese oxo (23oC) (b) a manganese hydroxo 
corrole (23oC). Both species are reactive with phenol substrates activating sp2 C-H bonds.  
  

 Further modification of the corrole ligand has led to the creation of the hangman 

corrole (Figure 1.6). The hangman corrole is a unique form of corrole that was developed 

by the Nocera group in order to study oxygen reactions with corrole species.48-53 The 

corrole they developed contains a side chain from the central linker of the pyrrole rings 

with groups available to aid in the bonding of an oxygen atom to the central metal.50-51 In 

the cobalt(III) hangman corrole there is reactivity at the cobalt to first coordinate water. 

This complex is further capable of oxidizing water to dioxygen electrocatalytically. The 

mechanism of this transformation remains ambiguous, although the ability of the 

hangman group is beneficial for this process as it aids in the O–O bond formation.49 DFT 

studies of this complex show that a metal oxo, reacting with water stabilized by the 

hangman portion of the molecule, is likely responsible for the ability of this complex to 

stabilize water oxidation reactions.52 
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Figure 1.6. The structure of the cobalt hangman corrole, where a carboxylic acid helps in 
the binding of the water for oxidation, it also can help stabilize the oxo.   
 
 These two differing corrole derivatives are very unique, but show the ability of 

the metal to stabilize a metal oxo. The charge of the ligand aids in the ability of the metal 

to achieve higher oxidation states when compared with a porphyrin system. This is seen 

in the hangman case, where the ligand framework aids in the reactivity of the corrole 

because it is able to stabilize substrates for transformations with the complex.  

1.2.3 Phthalocyanines 

 The phthalocyanine (Pc) is another synthetic derivative of heme proteins. They 

contain four benzo-fused pyrroles bound together by nitrogen linkers at the 1 and 4 

positions of the pyrrole rings (Figure 1.7). The Pc ligand can exist in multiple oxidation 

states ranging from Pc(0) to Pc(-6), with the Pc(-2) oxidation state being most common, 

similar to porphyrins. These species are incredibly colorful and because of this have been 

often used as dyes and pigments.54 The addition of benzene groups to the central 

porphyrazine core (Figure 1.2b) allows for facile incorporation of alkyl, aryl, halogen, 

and other functional groups to the periphery of the Pc ligand, allowing for precise control 

of steric and electronic parameters.55 These substituents are also often very useful in 

solubilizing the poorly soluble bare Pc ligand.  
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Figure 1.7. The structure of an unsubstituted and protonated form of the phthalocyanine.  

 Many transition metal Pc species (PcM) have been synthesized, and utilized to 

execute a diverse array of chemical transformations.56 For example, PcM compounds 

have frequently been used in the electrochemical reduction of carbon dioxide.57-61 Others 

have been used in oxidative processes such as methane oxidation and water oxidation.62-

65 The easily modified structure, as well as the extreme chemical stability of the ligand 

framework, makes PcM complexes suitable for numerous catalytic chemical processes.56 

 
 There are a very limited number of examples of PcM terminal-oxo species. The 

only two synthesized are vanadium oxo (vanadyl) and titanium oxo (titanyl).66-69 The 

titanyl species has been studied as a possible water splitting agent. Titanyl 

phthalocyanines are capable of photooxidizing water to hydroxyl radicals upon excitation 

with UV light.68 In terms of nitrides, there is only one known example of a terminal PcM 

nitride being synthesized.70 This manganese nitride species is air stable and shows no 

signs of dimerization by formation of a bridged manganese nitride. Most oxo and nitride 

PcM complexes adopt bridging structures where an oxygen or nitrogen atom links two 

different phthalocyanines. One such example is the Cr–O–Cr phthalocyanine produced 
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by Leznoff (Figure 1.8a).71 The chromium (II) species is oxidized to form a bridging 

oxygen on addition of an O-atom donor or alternatively in the presence of dioxygen.  

 

Figure 1.8. Examples of bridging species seen in phthalocyanines. (a) Leznoff’s bridging 
chromium(III) phthalocyanine (coordinating THF excluded for clarity) (b) Sorokin’s 
bridging iron nitride. The iron atoms both have a charge of 3.5+ due to delocalization 
across the Fe-N=Fe bonds.  
 

In addition, Sorokin has done a lot of work with bridging nitride species (Figure 1.8b).72-

78 The bridging nitride species is capable of defluorination reactions and the oxidation of 

methane, among other transformations.78 The catalyst is capable of activating C–F bonds 

as well as defluorinating aromatic species to a number of oxidized products in the 

presence of the catalyst and peroxide (Scheme 1.4).76 Using peroxide to activate the 

phthalocyanine species allows the methane to be oxidized to methanol, formaldehyde, 

and formic acid. The primary product of this oxidation is methanol, though it can easily 

be converted under reaction conditions to formaldehyde and formic acid.72 These species 

are likely to go through a terminal oxo intermediate, in which the bridging species helps 

to stabilize the terminal oxo in the octahedral intermediate.  
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Scheme 1.4. Sorokin’s iron nitride phthalocyanine is able to activate C-F bonds. Both 
Iron’s become oxidized to Iron(IV) and one of the phthalocyanine rings becomes 
oxidized to Pc+� while defluorinating the susbtrate. 
 
1.3 Thesis Scope 

 Phthalocyanines have been understood to do a number of chemical 

transformations, as have their derivatives. The metal oxo bond that is often seen in other 

model complexes to cytochrome P450 seems to be the key in its reactivity. This thesis 

will outline our research to synthesize, isolate, and characterize a new class of metal-oxo 

species with potential to perform oxidative processes much like that of cytochrome P450. 

In Chapter 2, we describe the synthesis of metallated phthalocyanine species and also 

characterize them spectroscopically. In Chapter 3, we describe the synthesis of two 

vanadyl phthalocyanines, and discuss attempts at synthesizing a chromium and 

manganese oxo species. The work discussed in this thesis shows attempts towards 

synthesizing a metal oxo phthalocyanine species and the potential reactivity of such a 

species.  
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Chapter 2: Synthesis and 

Characterization of Substituted 

Phthalocyanines  
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2.1 Introduction  

 The first metal-free phthalocyanine was accidentally synthesized in 1907 as a 

byproduct in the synthesis of 2-cyanobenzamide. Two decades later the first metallated 

phthalocyanine was synthesized from 1,2-dibromobenzene in the presence of copper(I) 

cyanide. In this process, phthalonitrile is formed as an intermediate and followed by 

cyclotetramerization to form a copper phthalocyanine. After this discovery, Linstead and 

coworkers synthesized a number of metallophthalocyanines. Initially, the newly 

discovered copper phthalocyanines in particular were used as pigments, but their use has 

since expanded to include a number of chemical transformations as catalysts.1 

 Phthalocyanines have been made through a number of different syntheses and 

precursors. All are synthesized through a templated synthetic route using a precursor such 

as an (Figure 2.1a) isoindoline-1,3-diimine, (Figure 2.1b) phthalic acid, (Figure 2.1c) 

phthalamide, (Figure 2.1d) isoindoline-1,3-dione, (Figure 2.1e) 2-cyanobenzamide, or 

(Figure 2.1f) phthalonitrile. A metal species acts as the template for these precursors to 

form a tetracycle surrounding the metal center.3, 7-12 In some instances, a base such as 1,8-

diazabicyclo(5.4.0)undec-7-ene (DBU) is used in addition to the metal salt to aid in the 

synthesis of a phthalocyanine species.13 
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Figure 2.1. These are six precursors that all can be used to synthesize a phthalocyanine 
species. Each of these is capable of cyclotetramerization in order to form a 
phthalocyanine.2-6 
 

Unsubtituted phthalocyanines are often found to be poorly soluble in organic 

solvents and aqueous media. Their planar shape, as well as extended π structure often 

leads to extensive stacking both in the solid and solution phases, thereby severely limiting 

their solubility.14-15 Substitutions can make the phthalocyanine more soluble, but come 

with their own challenges. When there is a single substitution on the phthalocyanine, it is 
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possible to get four different regioisomers (Figure 2.2). During macrocycle synthesis, 

there is no controlling the regioselectivity of the reaction so multiple regioisomers can 

form. This requires additional work in order to isolate a single isomer.16  

  

Figure 2.2. Possible regioisomers for a tetrakis- substituted phthalocyanine.  

Alternatively, symmetrically substituted starting materials result in the isolation of 

a single product.17 Rauchfuss previously synthesized a phthalocyanine ligand containing 

both isopropoxy and ethoxy-substituted phthalocyanines (Figure 2.3). These 

phthalocyanines were synthesized in order to study their functionality as π ligands. This 

group wished to see where a cationic ruthenium(II) pentamethylcyclopentadienyl species 

would bind since phthalocyanines contain a π system in both their pyrrole rings and their 

benzene rings.8 These ligands are synthesized from a symmetric phthalonitrile. This 

eliminates the potential of additional products as there is no issues with regioisomers. In 

addition, this aids in the solubiliy of the phthalocyanine species.  
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Figure 2.3. Structures of a) octaethoxy substituted phthalocyanine and b) octaisopropoxy 
substituted phthalocyanine. 
 

 Literature has shown pathways to metallated octaethoxy- and octaisopropoxy-

substituted phthalocyanines. Previously, syntheses of manganese, nickel, copper, and 

vanadium (vandayl) octaethoxy phthalocyanines have been published.8, 18 With the 

ultimate goal of forming a terminal metal oxo phthalocyanine species, knowledge of a 

synthetic pathway to a vanadyl phthalocyanine was useful in forming a terminal oxo 

species. Similarly, the ability of manganese to form a terminal nitride made it a metal of 

interest. Chromium should be quite similar in molecular orbital structure as it is situated 

between  these species on the periodic table. When looking at the molecular orbital 

structure of early transition metals compared with later transition metals, the d orbitals 

are higher in energy for earlier transition metals. 19-21 Advancing towards the later 

transition metals in the periodic table, more electrons are added to the d-orbitals making 

it even less likely that a terminal species forms. This limited the metals of study to 

vanadium, chromium, and manganese as two of the three have already shown promise 

toward the goal of oxo formation, which will be elaborated on in Chapter 3. 
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Figure 2.4. General schematic of phthalocyanine synthesis. (a) Acetone, iodoethane, 
reflux, 72 h, 63% yield (b) Ethanol, lithium, 5 d, 90% yield (c) 1:1 water/ethanol, HCl, 48 
h, 81% yield (d) DMF or THF, M(X)2, 2-5 h, 77-86% yield 
 

 In this chapter the synthesis of ethoxy and isopropoxy phthalocyanine ligands is 

discussed. The synthesis and characterization of chromium and manganese 

phthalocyanine species will also be described. The reactivity of these species will be 

discussed in the following chapter (Figure 2.4).  

2.2 Results and Discussion 

2.2.1 Ethoxy Phthalonitrile Synthesis and Characterization (2.1) 

 The synthesis of our 3,6-diethoxyphthalonitrile was optimized from the reported 

Rauchfuss literature procedure.8 Addition of an excess of 2 equivalents iodoethane to a 
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a white powdery precipitate (Scheme 2.1). Once the solution is filtered and washed with 

water, ethanol, and ether, the solid is dried under vacuum to afford a 63% yield of the 

product (1). 

 

Scheme 2.1. Synthesis of 2.1. 

 The 1H NMR spectrum of the species in CDCl3 exhibits one signal in the phenyl 

region at 7.14 ppm corresponding to the phenyl proton of the species. There are an 

additional two resonances observed at 4.13 ppm (quartet) and 1.47 ppm (triplet), assigned 

to the methylene and methyl groups, respectively.  

2.2.2 Lithiated Phthalocyanine Synthesis and Characterization (2.2)  

 The cyclization of 2.1 into a phthalocyanine was optimized from the reported 

synthesis.8 A large excess of lithium pellets was added to a slurry of precursor in 

refluxing ethanol. After several hours, the solution turned a deep evergreen color. The 

solution was heated for five days, after which it was filtered to afford a pure green solid 

(2) in 90% yield (Scheme 2.2).  
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Scheme 2.2. Synthesis of 2.2. 

The 1H NMR spectrum of this species reveals four representative resonances in 

CDCl3. The spectrum exhibits complicated splitting patterns as the lithium is not 

completely centralized in the center of the phthalocyanine. This causes all of the signals 

in the 1H NMR to have slightly different shifts so that there are multiple peaks, 

representative of the protons in the phthalocyanine. There is a series of singlets at 

approximately 7.47 ppm that are representative of the phenyl protons in the 

phthalocyanine. There are a series of overlapping quartets at 4.93 ppm and a series of 

overlapping triplets at 1.83 ppm that are representative of the ethoxy groups on the 

phthalocyanine. Lastly there is a downfield shifted proton at 14.73 ppm. This signal is 

representative of a proton bound to one of the nitrogen atoms. The far downfield shift is a 

result of ring current. As the magnetic field of the NMR is directed perpendicular to the 

plane of the phthalocyanine ring, it induces a magnetic field to be formed in the freely 

circulating π-electrons of the phthalocyanine ring. Protons on the exterior of the ring 

experience further deshielding as the magnetic fields of both the NMR and the induced 

magnetic field are aligned. This shifts the signals further downfield. Alternatively, a 

proton from within the field would be shifted further upfield as it experiences shielding 

from both fields being in opposite directions.22-24A 7Li NMR spectrum was collected on 2 

in order to confirm the presence of a lithium atom in the phthalocyanine. In CDCl3 the 

lithium signal was seen at -8.47 ppm.  

 In order to further confirm the composition of 2.2, we performed mass 

spectrometry (MS) on the compound. Compound 2.2 was subjected to matrix assisted 

laser desorption/ionization-time of flight (MALDI-TOF), and the mass spectrum 
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confirmed that the crude product is a mixture of both lithiated and protonated 

phthalocyanines. Signals in the MALDI-TOF at both 866.5 m/z and 872.5 m/z, consistent 

with the protonated form of octaethoxyphthalocyanine species (2.3) and the lithiated form 

of the octaethoxyphthalocyanine (2.2) respectively.  

2.2.3 Protonated Phthalocyanine Synthesis and Characterization (2.3)  

 In order to generate a clean, uniform Pc, we treated the crude product (Scheme 

2.2) to acid in order to remove the lithium (Scheme 2.3). Hydrochloric acid was added to 

a solution of the lithiated product in a 1:1 water:ethanol solvent system. This caused the 

green product to turn a purplish-blue color. After heating to 45 oC for 48 h the solution 

was neutralized then filtered. The isolated green product was dried to yield 81.3% of pure 

product 2.3 (Scheme 2.3). Care must be taken as excessive heating of the acidic solution 

resulted in breakdown of the Pc structure to the starting monomer. Monitoring the 

reaction daily by 1H NMR spectroscopy was therefore performed in order to avoid this 

decomposition pathway. 

 

Scheme 2.3. Synthesis of 2.3. 

 The 1H NMR spectrum of 3 in CDCl3 shows four clear signals, confirming the 

removal of lithium. The first signal of these is the singlet at 7.60 ppm which is 
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representative of the phenyl protons. There are two signals that represent the ethoxy 

linker, a quartet centered at 4.95 ppm and a triplet centered at 1.84 ppm. Finally, there is 

a singlet at 0.20 ppm, which represents the N–H protons. In addition, the disappearance 

of the singlet at 14.73 ppm is a good indication that the lithiated species has been 

removed. As previously stated, ring current accounts for the upfield shift of the N-H 

proton and confirms that the protonated form of the ligand is isolated. In contrast to the 

mixture above 2.2, the MALDI-TOF spectrum of 2.3 confirmed the clean conversion 

observed by the disappearance of the peak at 872.5 m/z, and a clean peak at 866.5 m/z, 

consistent with product formation. 

Single crystals suitable for X-ray diffraction (XRD) studies were grown from 

dichloromethane (DCM) and diethyl ether by vapor diffusion, to yield hexagonal green 

plates. The solid-state structure of 2.3 was obtained and is shown in Figure 2.5. The 

structure of highly substituted phthalocyanines tend to form a saddle shape. This is due to 

strong repulsive interactions between atoms in the substitutions that cause the structure to 

twist.25-26 In the pyrrole rings of 2.3 the C-Npyrrole, bonds have lengths between 1.360-

1.385Å, while in the linkers the C-Nlinker bonds are between 1.311-1.352 Å. In 

unsubstituted phthalocyanines, the C-Npyrrole length averages between 1.36-1.37 Å, which 

is comparable to the 1.360-1.285 Å lengths seen in the ethoxy substituted complex. The 

C-Nlinker bonds are seen to be 1.27-1.30 Å, which is shorter then the bond lengths of 

1.311-1.352 Å in 2.3.27 This is likely due to the substituents causing the ring to twist and 

become saddle shaped. 
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Figure 2.5. Solid-state crystal structure of 2.3. H atoms, except N-H, are removed for 
clarity. Selected bond lengths (Å): N-H 0.880-0.894, C-Npyrrole 1.360(6)-1.385(6), C-
Nlinker 1.311(7)-1.352(6). 
 

2.2.4 Chromium(II) Phthalocyanine Synthesis and Characterization (2.4)   

 Attempts to make a chromium(II) phthalocyanine using previously reported 

methods proved to be unsuccessful in generating and cleanly isolating the desired 

product.  In order to synthesize the chromium(II) phthalocyanine, a new strategy that has 

not been employed to other phthalocyanine species was attempted. Using acid-base 

chemistry, compound 2.3 was reacted with the basic species, Cr(N(SiMe3)2)2·THF2, in 

tetrahydrofuran (THF) solvent (Scheme 2.4).28-29 Using hexamethylbenzene as an 

internal standard, the 1H NMR spectrum revealed the formation of HN(SiMe3)2 with 

complete conversion occurring after 2.5 hours. The product was washed with hexanes, 

water, and ethanol and subsequently dried under vacuum to produce a blue-green powder 

in 86% yield. 
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Scheme 2.4. Synthesis of 2.4.  

The MS of 2.4 was collected using both electron-spray ionization (ESI) and 

MALDI-TOF methods in order to confirm the identity of the blue-green species. In 

MALDI-TOF the molecular ion of [M+] was found at 916.460 m/z. In the ESI the [M+] 

was found to be 1060.4 m/z. The former corresponds to the mass of 2.4 while the latter 

corresponds to the molecular weight of 2.4 with two molecules of THF coordinated to it. 

 The 1H NMR spectrum of 2.4 in CDCl3 was taken and gives a spectrum of 

broadened signals. There are two broadened signals visible located at 1.86 ppm and 3.94 

ppm. These signals do not integrate to give us a clear idea of which protons they 

represent, however, a similar trend is seen with other metal phthalocyanines synthesized 

such as the cupric and the vanadyl phthalocyanine species isolated by Rauchfuss.8 

 Single crystals of 2.4 suitable for XRD studies were grown from DCM and 

diethyl ether to yield green plates. When grown, the refined structure appears to contain 

water coordinated to the chromium center on both axial positions of the atom (Figure 

2.6).  The structure retains some is saddle shape with chromium bound in the center. The 

metal is centralized in the pocket of the phthalocyanine and does not pucker out of the 

ring. This is very similar to the unsubstituted phthalocyanine isolated by Leznoff. The 
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unsubstituted phthalocyanine isolated by Leznoff has coordinated THF with Cr-OTHF 

bond lengths of 2.053(3) Å. The Cr-OWater bond length is elongated in the isolated refined 

structure having a bond length of 1.995(3) Å. The Cr-N bond lengths seen in the 

unsubstituted phthalocyanine have bond lengths of 1.968(6) Å and  1.982(5) Å.9 In 2.4 

the bond lengths are seen as 1.987(4) Å and 1.984(4) Å. The substitutions and their 

twisting of the ring causes these lengths to be elongated slightly as can be seen from the 

comparisons of 2.3 to unsubstituted phthalocyanines.  

 

Figure 2.6. Crystal structure of 2.4. Protons removed for clarity, except for H2O. 
Selected bond lengths (Å): Cr-OWater: 1.995(3), Cr-N1: 1.987(4) Cr-N2: 1.984(4)  
 

2.2.5 Manganese Chloride(III) Phthalocyanine Synthesis and Characterization (2.5)  

 The manganese phthalocyanine was synthesized by addition of five equivalents of 

manganese(II) chloride and five equivalents of potassium bicarbonate to a solution of 2.3 

in refluxing dimethylformamide (DMF) in open air, yielding a reddish solution after 5 

hours. Water is added to this solution and the product precipitates out on cooling 
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overnight. The red powder is filtered off and dried under vacuum resulting in a 77% yield 

of pure product, 2.5 (Scheme 2.5). 

 

Scheme 2.5. Synthesis of 2.5  

The 1H NMR spectrum of this species in CD2Cl2 yields paramagnetically shifted 

resonances at 6.72 ppm, 1.83 ppm, and -5.79 ppm. The peaks are significantly broadened 

and difficult to integrate due to the paramagnetism rendering them unassignable. The MS 

of 2.5 was collected by MALDI-TOF. The spectrum revealed a molecular ion peak at 

954.805 m/z, consistent with the structure of 2.5. In addition, a peak is seen in the mass 

spectrum with a value of 919.835 m/z. This peak corresponds to the manganese species 

without the axial chloride ion.  

 Single crystals of 2.5 suitable for XRD studies for the structure below can be 

grown from DCM and diethyl ether to yield red crystals. The refined structure of 2.5 has 

a saddle shape similarly to the other isolated phthtalocyanine species isolated (Figure 

2.7). Mn-Cl: 2.379(3) Å, Mn-N1: 1.968(8) Å, Mn-N2: 1.954(8) Å; Mn-N3: 1.950(8) Å; 

Mn-N4: 1.960(7) Å. When compared with a porphyrin system these bond lengths are 

similar, though shorter in comparison. The porphyrin system has a Mn-Cl bond length of 

2.4325(7) Å which, though longer than the 2.379(3) Å seen in 2.5, is comparable to that 
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of the phthalocyanine. This could be a result of water coordination to make an octahedral 

environment around the porphyrin. The porphyrin Mn-N bond lengths range from 2.0160 

to 2.0275(19) Å where as the phthalocyanine has bond lengths that are shorter, with a 

range of 1.950(8)- 1.968(8) Å. Again this shorter bond length is due to some slight 

differences in the structure of the phthalocyanine and porphyrin ligands.30 

 

Figure 2.7. Crystal structure of 2.5. Protons removed for clarity. Selected bond lengths 
(Å): Mn-Cl: 2.379(3), Mn-N1:1.968(8), Mn-N2: 1.954(8)Mn-N3:1.950(8), Mn-
N4:1.960(7) 
 

2.2.6 “Naked” Manganese (III) Phthalocyanine Synthesis and Characterization (2.6) 

 Looking toward the goal of obtaining a manganese oxo species, we first sought to 

remove the chloride from the axial position of the Mn center. A lot of success has been 

seen with coordinatively unsaturated Mn(III) corrole species synthesized by the Goldberg 
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group, and we wished to try and mimic their species. Their corrole ligand has a -3 charge 

and therefore they use a manganese(III) species to fill their pocket. O-atom donors are 

then used to create the oxo (Scheme 1.2). In order to generate a coordinatively 

unsaturated version of 2.5, we exposed it to the silylium cation, [Et3Si][B(C6F5)4],31 

dissolved in benzene.32 Upon addition, the red solution of 2.5 turns a blue-green and 

precipitation occurs. The benzene is decanted to isolate the blue solid (Scheme 2.6). 

 

Scheme 2.6. Synthesis of 2.6.  

 When the reaction is done on an NMR scale in d6-benzene, the 1H NMR of the 

solution yields two signals. The two signals appear at 0.51 ppm and 0.96 ppm. The signal 

at 0.96 ppm is a quartet and the signal at 0.51ppm is a triplet. These species represent the 

CH2 and CH3 in the ethyl groups branching off of the silicon atom. In addition 11B NMR 

is run and there is an absence of signal. The 19F NMR spectrum is also silent. This all 

corresponds to the formation of chlorotriethyl silane and the “naked” manganese species. 

The “naked” manganese species is the insoluble crude product.  

 The crude blue solid of 2.6 can be dissolved in coordinating solvents such as 

acetonitrile and THF. When dissolved in d3-acetonitrile, the 1H NMR spectrum was 
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silent. The one single in the 11B NMR spectrum is at -16.63 ppm corresponding to the 

[B(C6F5)4]- anion. The 19F NMR spectrum contains three signals for the ortho, para, and 

meta fluorines of the aryl groups. The meta fluorine resonance is at -133.66 ppm, while 

the para and ortho fluorines are at -163.97 ppm and -168.34 ppm, respectively. These are 

all in accordance with the [B(C6F5)4]- counterion.  

 Complex 2.6 was also analyzed by ESI MS in acetonitrile. No evidence of the 

chlorinated species is seen and two signals are shown suggesting the existence of 2.6. 

One signal at 919 m/z corresponds to the manganese(III) stripped of the chlorine atom. In 

addition, there is a signal at 960.3m/z, which corresponds to the species with a 

coordinated acetonitrile. No species is seen however with two molecules of acetonitrile 

coordinated. This is surprising as there are two axial positions for the coordination of 

acetonitrile and the coordination of two molecules of solvent has already been seen in the 

chromium species, with THF coordination.   

2.2.7 Isopropoxy Phthalonitrile Synthesis and Characterization (2.7)  

 The synthesis of our 3,6-diethoxyphthalonitrile was optimized from the reported 

Rauchfuss literature procedure.8 The synthesis of the 3,6-diisopropylphthalonitrile is very 

similar to the ethoxy-substituted phthalonitrile. Five equivalents of 2-iodopropane was 

added to a solution of 2,3-dicyanoquinone and potassium carbonate in acetone. After 

refluxing for 72 hours, the reaction was pulled and the solid was filtered off. The solid 

was washed with acetone and water was added to the mother liquor to precipitate the 

solid product. The product is filtered off to give a white solid powder. The product is 

dried under vacuum with a yield of 51% (Scheme 2.7). 



	 41	

 

Scheme 2.7. Synthesis of 2.7 

 The 1H NMR spectrum of 2.7 was taken in CDCl3 and afforded three resonances. 

There is a signal at 7.15 ppm in the aromatic region representative of the two aryl 

protons. There is also a septet centered at 4.57 ppm and a doublet at 1.39 ppm 

representative of the isopropyl group.  

 Single crystals are grown from DCM and diethyl ether to yield white needles. 

These diffract to show the below structure confirming our synthesis (Figure 2.8).  The C-

N bond lengths of 1.141 Å are comparable to other C-N bond lengths in other 

phthalonitriles where the bond lengths tend to be 1.140 and 1.142 Å. In addition, the 

ether lengths compare for other substituted phthalonitriles, with ethereal bonds. The CPh-

O bond lengths are between 1.3633-1.3719 Å and the C-O 1.400-1.4057 Å, where the 

phthalonitrile synthesized has bond lengths of 1.357 and 1.456 Å respectively. The 

second length is slightly longer, but comparable with the different ether complexes.33 
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Figure 2.8. Crystal structure of 2.7. Protons removed for clarity. Selected bond lengths 
(Å): C-N:1.144(3), CPh-O: 1.357(2), 1.456(2) 
 
2.2.8 Isopropoxy Phthalocyanine Synthesis and Characterization (2.8 and 2.9) 

 The synthesis of the isopropoxy-substituted phthalocyanine was optimized from a 

synthesis previously reported by Rauchfuss. A slurry of the precursor in isopropyl 

alcohol is treated with excess lithium. On treatment the solution begins to turn a blue 

green color which darkens over time. The solution was heated to reflux for 72 hours after 

which time the reaction is cooled and filtered to yield a green powder product (Scheme 

2.8).   

 

Scheme 2.8. Cyclotetramerization of 2.7 into 2.8.  
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In order to isolate the protonated form of the ligand, acid treatment is again used. 

The solid green powder of the lithiated species is stirred in isopropyl alcohol with acetic 

acid overnight leading to the clean conversion of the lithiated form to the protonated 

form. It is then neutralized with potassium hydroxide and all solvent is removed. The 

remaining solid is dissolved in a mixture DCM and water. An extraction is performed to 

obtain the DCM layer which is dried under vacuum to obtain a green powder which is the 

protonated form of the isopropoxy ligand (Scheme 2.9).  

 

Scheme 2.9. Acidification/demetallation of 2.8 to form 2.9  

The 1H NMR spectrum of 2.9 displays three resonances representative of the 

various proton environments in the phthalocyanine. There exists a singlet at 7.53 ppm for 

the aryl protons, as well as a septet and a doublet centered at 4.98 ppm and 1.565 ppm, 

respectively, for the isopropoxy groups. The N–H resonances could not be located.  

 Crystals of the following are grown from chloroform and diethyl ether to yield the 

below structure as green plates. As previously discussed, phthalocyanines tend to twist to 

form a saddle shape when given bulk substituents (Figure 2.9). The isopropyoxy groups 

cause the phthalocyanine ring to twist to a saddle shape, similar to 2.3.The bond lengths 

are very similar in these two structures where the C-Npyrrole bonds have a larger bond 
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length and the C-Nlinker bonds are shorter. In 2.3 the range of C-Npyrrole is seen as 

1.360(6)-1.385(6) Å, compared with the 1.363-1.403(14) Å lengths seen in 2.9. When 

comparing the linker bonds, C-Nlinker is 1.311(7)-1.352(6) Å in 2.3 whereas the bond 

lengths in 2.9 are 1.316(17)-1.337(15) Å. These differences in bond length are not too 

different, and can be reasonably attributed to differences in the twist they have based on 

the substitutions made.  

 

Figure 2.9. Crystal Structure of 2.9. Protons excluded for clarity, except N-H. Selected 
bond lengths (Å): N-H: 0.880Å, C-Npyrrole: 1.363(14)-1.403(14), C-Nlinker:1.316(17)-
1.337(15). 
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2.3 Summary 

 This Chapter described the synthesis of a class of alkoxy-substituted 

phthalocyanines. Both chromium and manganese complexes of the ethoxy-substituted Pc 

were generated. The most unique of these is the synthesis of the chromium(II) 

phthalocyanine as it is the first report of a phthalocyanine being synthesized by the use of 

a bis(trimethylsilyl)amine salt prior to this. The manganese(II) is able to be oxidized in 

the presence of air to afford the manganese(III) complex. The removal of its chloride 

using a silylium salt allows us to have a “naked” manganese center. These complexes are 

a step towards synthesizing a terminal metal-oxo using the phthalocyanine class of 

ligands.  

 The synthesis of the isopropoxy phthalocyanine shows that we can use larger 

functional groups. This may aid in the trapping a terminal oxo species. Metallation of this 

complex has been previously accomplished using other first row metals such as nickel, 

but nothing exists of any other first row metals.  

2.4 Experimental 

2.4.1 General 

 All reactions and the following manipulations were carried out under anaerobic 

and anhydrous conditions with a nitrogen atmosphere by Schlenk or glovebox techniques 

(MBraun UNIlab Pro SP Eco equipped with a -40 oC freezer). Pentanes, diethyl ether, 

dichloromethane, and tetrahydrofuran (Aldrich) were dried using an MBraun Solvent 

Purification System and stored over 4 Å molecular sieves for 24 hours prior to use. 

Acetonitrile (Aldrich) was distilled from calcium hydride and stored over 4 Å molecular 

sieves. Deuterated solvents (Cambridge Isotope Laboratories) were degassed and stored 
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over 4 Å molecular sieves for 24 hours prior to use. Celite was dried by heating to >250 o-

C under dynamic vacuum for at least 24 hours prior to use. Cr(N(SiMe3)2*2THF was 

synthesized by a previously published procedure.29 

 NMR spectra were obtained using an Agilent Technologies 400 MHz 

spectrometer or a Varian Unity Inova 500 MHz spectrometer. Samples were referenced 

using the residual protio solvent peaks. UV-Vis spectroscopy was performed using a 

Shimadzu UV-2401PC spectrometer in a quartz cuvette containing a J. Young airtight 

adaptor.  

 Mass spectrometry was run at UCSB Chemistry’s Mass Spectrometry Facility and 

all MALDI-TOF was run using a Microflex LRF MALDI TOF spectrometer with a 60 

Hz nitrogen laser at 337nm.  All ESI data was run on a Waters LCT Premier operated in 

positive mode by direct injection of the sample in either THF, acetonitrile, or methanol 

into the instrument.  

2.4.2 Synthesis of 3, 6-diethoxyphthalonitrile (2.1) 

 An adapted literature procedure was used to synthesize the 3, 6-

diethoxyphthalonitrile.  A 500 mL 2-armed Schlenk flask was charged with 10 g 

(0.06245 mol) of 2,3-dicyanohydroquinone and 17.26 g (0.1249 mol) of potassium 

carbonate. A slurry was created by adding 250 mL of acetone. The slurry was brought to 

reflux and sparged with nitrogen gas for one hour. Following the sparging, 12.5 mL 

(0.1555 mol) of ethyl iodide was added to the slurry and refluxed under nitrogen gas for 

72 hours. It was then pulled from heat and the solution was left to cool. Once cool it was 

filtered with a medium porosity frit. The solid product was washed with 100 mL of DI 
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water, then washed with 100 mL of ether.  Yield: 8.576 g (0.03965 mol, 63%). 1H 

(CDCl3): δ 7.14(s, 8H, C6H2), 4.13(q,16H, OCH2), 1.47(t, 24H, CH3). 

2.4.3 Synthesis of Lithiated 1,4,8,11,15,18, 22,25Octaethoxy-29H, 31H-

phthalocyanine (LiOEPC) (2.2) 

 A 500mL 2-armed Schlenk flask was charged with 8.576g (0.03965 mol) of 2.1.  

A slurry was created by adding 100 mL of ethanol. The slurry was brought to reflux and 

sparged with nitrogen gas for one hour. Following the sparging, 10.351g (1.491 mol) of 

lithium pellets were added to the slurry over a 30 minute period. The resulting solution 

was refluxed under nitrogen gas for five days. It was then pulled from heat and left to 

cool. Once cooled, 100 mL of ethanol was added to the solution and it was filtered with a 

fine porosity frit. The solid product was washed with 100 mL of ethanol, then washed 

with 100mL of DI water, and then washed with 100 mL of ether. Yield: 7.815g (90%, 

8.953 mmol) 1H (CDCl3): δ 7.47(m, 8H, C6H2), 4.93(m, 16H, -OCH2), 1.83(m, 24H, 

CH3), 14.73(s, 1H, NH). 7Li NMR (CDCl3): δ -8.47 MALDI: [M]+ 872.5m/z, [M-Li]+ 

866.5m/z.  

2.4.4 Synthesis of Protonated 1,4,8,11,15,18, 22,25Octaethoxy-29H, 31H-

phthalocyanine (H2OEPC) (2.3) 

 A 250 mL Schlenk flask was charged with 2.500 g ( 2.864 mmol) of the 2.2. A 

slurry was created by adding 25 mL of ethanol and 25 mL of water. 2.4 mL (0.02904 

mol) of concentrated HCl was added slowly to the slurry over a period of 15 minutes. 

The solution was heated at 45oC for 48 hours. It was then pulled from heat and the 

solution was allowed to cool.  Potassium carbonate was added to the cooled solution in 

small portions until the pH was ≥7.  Once the pH of the solution was ≥7, it was filtered 
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with a fine porosity frit. The solid product was washed with 25 mL of DI water followed 

by 25 mL of ethanol and then 25 mL of ether. Yield 2.105 g (81.3%, 2.480 mmol) 1H 

NMR (CDCl3): δ 7.60 (s, 8H, C6H2), 4.95(q, 16H, OCH2), 1.84(t, 24H, CH3), 0.20 ppm(s, 

2H, NH). MALDI: [M]+ 866.5m/z. 

2.4.5 Synthesis of Chromium(II) 1,4,8,11,15,18, 22,25Octaethoxy-29H, 31H-

phthalocyanine (CrOEPC) (2.4) 

 A 50 mL pressure vessel was charged with 500 mg of 2.3 (0.5767 mmol) and 298 mg of 

Cr(N(SiMe3)2)2*2THF (0.5764 mmol). A solution was created by adding 25 mL of THF. 

The pressure vessel was sealed and then heated to 80oC. The solution was heated for 2.5 

hours. It was then pulled from heat and allowed to cool. Once cooled the solution was 

filtered with a fine fritted funnel. The solid byproduct was washed with 10 mL of THF.  

The mother liquor was retrieved and dried under vacuum. The crude solid product was 

stirred with hexanes for 10 minutes. After 10 minutes the solution was filtered with a fine 

frit. The solid was washed with 10 mL of DI water followed by 10 mL of ethanol. Yield: 

0.4569 g (86% yield, 0.4983 mmol) 1H (CDCl3): δ 3.94 (s), 1.86(s). MALDI: [M]+ 

916.460m/z. ESI (THF): 1060.4m/z [M+2THF]+
. UV-vis λ [nm]: 742, 669, 389, 334.  

2.4.6 Synthesis of Manganese(III) Chloride 1,4,8,11,15,18, 22,25Octaethoxy-29H, 

31H-phthalocyanine (2.5) 

 A 100 mL Schlenk flask was charged with 190 mg (0.2192 mmol) of 2.3, 144 mg 

(1.144 mmol) of manganese(II) chloride, and 96 mg (1.143 mmol) of sodium 

bicarbonate. A solution was created by adding 25 mL of DMF. The solution was brought 

to reflux and refluxed for 5 hours. It was then pulled from heat and left to cool. The 

solution was then transferred to a 500 mL Erlenmeyer flask. 250 mL of DI water was 
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added to the solution. The solution was left to cool overnight in a fridge. Once cooled, it 

was filtered with a fine porosity frit. The solid product was then washed with 30 mL of 

DI water, then 30 mL of ethanol, and then 30 mL of ether. Yield: 0.160 g (77%, 0.1675 

mmol) 1H NMR (CD2Cl2): δ 6.72 (s), 1.83 (s), -5.79 (s). MALDI: 954.805 m/z [M]+
. UV-

vis λ [nm]:826, 747, 562, 349, 277. 

2.4.7 Synthesis of “Naked” Mn(III) 1,4,8,11,15,18, 22,25Octaethoxy-29H, 31H-

phthalocyanine  (2.6) 

 A 20 mL vial was charged with 10 mg (0.01259 mmol) of triethylsilylium 

tris(pentafluorophenyl)borane B(C6F5)4. A solution was created by adding 2 mL of 

benzene. A solution of 10 mg of 2.5 (0.01047 mmol) in benzene was added to the vial 

dropwise and the solution was allowed to stir for two hour. The solution was filtered 

using a pipette plugged with steel wool and celite. The solid product was then washed 

with 10 mL of hexanes and then 10 mL of benzene. The solid product was washed off 

and collected using 5 mL of acetonitrile. The solution was dried under product affording 

the product. Yield: 0.0159 (95%, 0.009944 mmol) 1H NMR (CD3CN): Silent. 11B NMR 

(CD3CN): δ -16.63(s). 19F NMR (CD3CN): δ -168.34 (s, 8F, o-C6F5), -133.66 (s, 8F, m-

C6F5), -163.97 (s, 4F, p-C6F5). ESI (CH3CN): 919m/z [M]+, 960.3m/z [M+CH3CN]+. 

UV-vis λ [nm]:852, 587, 358, 287. 

2.4.8 Synthesis of 3,6-Diisopropoxyphthalonitrile (2.7)  

 A 250 mL 2-armed Schlenk flask was charged with 1.000 g (6.245 mmol) of 2,3-

dicyanohydroquinone and 2.589 g  (18.733 mmol) of potassium carbonate. A slurry was 

created by adding 25 mL of acetone. The slurry was brought to reflux and sparged with 

nitrogen gas for one hour. Following the sparging, 3.12 mL (31.257 mmol) of 2-
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iodopropane was added to the slurry and refluxed under nitrogen for 72 hours. It was then 

pulled from heat and the solution was left to cool. Once cool it was filtered with a 

medium porosity frit. The solid byproduct was washed with 50 mL of acetone. The 

mother liquor was retrieved and dried under vacuum to half the volume. 150 mL of DI 

was added to the solution. The solution was then filtered with a fine porosity frit. The 

solid product was washed with 25 mL of water. Yield: 0.781 g (51%, 3.187mmol) 1H 

(CDCl3): δ 7.15(s, 2H, C6H2), 4.57(sep, 2H, OCH), 1.39(d, 12H, CH3). 

2.4.9 Synthesis of Lithium 1,4,8,11,15,18,22,25-Octaisopropyl-29H,31 H-

Phthalocyanine (2.8) 

A 500 mL 2-armed Schlenk flask was charged with 2.30 g (9.415 mmol) of 2.7.  A slurry 

was created by adding 75 mL of isopropyl alcohol. The slurry was brought to reflux and 

sparged with nitrogen gas for one hour. Following the sparging, 2.00 g (288.1 mmol) of 

lithium pellets were added to the slurry over a 45 minute period. The resulting solution 

was refluxed under nitrogen gas for 72 hours. It was then pulled from heat and left to 

cool. Once cooled the solution was filtered with a fine porosity frit. The solid product 

was washed with 20 mL of isopropyl alcohol, and then washed with 100 mL of DI water. 

Yield: 0.820 g (35%, 0.8324 mmol) 

2.4.10 Synthesis of 1,4,8,11,15,18,22,25-Octaisopropyl-29H,31 H-Phthalocyanine 

(2.9) 

 A 20 mL vial was charged with 100 mg (0.1015 mmol) of 2.8. A slurry was 

created by adding 3.8 mL of isopropanol. 0.6 mL (10.481 mmol) of acetic acid was added 

to the slurry and it was left to stir overnight. The following day, 5 mL of water was added 

to the slurry and then the solution was neutralized with potassium hydroxide pellets. 
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Once the solution had a pH of approximately 7, the solution was dried under vacuum. 

The solid product was stirred with DCM and water for 30 minutes. After 30 minutes the 

DCM layer was extracted from the mixture. The DCM was dried under vacuum to yield 

the solid product. Yield: 0.0796 g (80%, 0.08129 mmol) 1H NMR (CDCl3): δ 7.53 (s, 8H, 

C6H2), 4.98 (sep., 8H, OCH), 1.57 (d, 48H, CH3). 
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Chapter 3: Synthesis and 

Characterization of Metal Oxo Species 
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3.1 Introduction  

 As previously discussed, metal-oxos have been prepared from systems similar to 

the phthalocyanine species synthesized in Chapter 2. In general there is an electronic 

criterion for the syntheses of metal-oxos. An electron count of d2 is favored in order to 

stabilize a metal oxygen triple bond with a C4v square pyramidal geometry.1 This is due 

to repulsion between the higher d electron count and the oxo ligand itself, which causes 

the oxygen not to form multiple bonds with the metal species.2 The “oxo wall” is the 

theory that describes this and it refers to the inability of complexes with d-electron counts 

larger then five to form terminal oxo complexes.3-4 Figure 3.1 shows the d-orbital 

splitting in square pyramidal structures, as the electron count goes past four d-electrons, 

antibonding orbitals become populated causing the inability to form a terminal oxo. 

 

Figure 3.1. Molecular orbital diagram for a basic square pyramidal structure with ligand 
orbitals excluded.  
 
 Several approaches have been taken when it comes to forming metal oxo species. 

One method uses high valent metal species as the starting materials for formation of the 

oxo, and another method makes use of a ligand in which the oxo can be trapped or 

stabilized to form the stable metal oxo. The work of the Goldberg group to synthesize the 

corrolazine ligands, which can bind a metal with a charge of 3+, uses the first approach.5-
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15 Having a high valent metal starting material removes electrons from the d orbitals. This 

is useful as there is less electron density to repel against the binding of the oxo ligand. 

With a manganese(III), simple addition of an O-atom donor affords the corresponding 

metal oxo product. Aside from its ability to react with an O-atom donor to get the oxo, 

this species reacts with molecular oxygen in the presence of UV-light to form a 

manganese-oxo species.7, 10-12, 16-18 

 The second approach used ligand modifications that aid in trapping or stabilizing 

of the metal-oxo bond. The “picket fence” porphyrin is the prime example of a trapping 

ligand. Using large, bulky substitutions on the bridging carbons of the porphyrin ring, the 

metal helps to attract the oxygen and the bulky substituents help to “trap” the bound 

oxygen (Fig 3.2). This ligand and its iron species has been used extensively in order to 

model heme proteins such as myoglobin and hemoglobin.19-24 

 

Figure 3.2. “Picket fence” porphyrin with trapped oxygen bound to the metal center.  

 Another such form of trapping an oxo is seen in the hangman corrole. The 

hangman corrole has a side chain extending from the central pyrrole ring linker that aids 

in the bonding of an oxygen atom to the central metal of the corrole. The cobalt(III) 

corrole synthesized by the Nocera group is capable of binding water to the central metal 

Fe N
N

N
N

NH
HN

HN

NH

O

O

O

O

OO



	 59	

and it is able to oxidize the water molecule to electrocatalytically form dioxygen. The 

side chain is used to stabilize the oxo with its ability to hydrogen bond with the oxo 

species. The side chain is also capable of attracting a second molecule of water with 

hydrogen bonds to react with the oxo. Figure 3.3 shows water reacting with a cobalt oxo 

which will lead to the formation of dioxygen.25-28  

 

Figure 3.3. Hangman corrole attracts water and uses hydrogen bonding to 
electrochemically form O2. 
 
 In this chapter, the synthesis of vanadyl phthalocyanine species with both ethoxy 

and isopropoxy phthalocyanine ligands will be explored. Descriptions of different 

attempts to synthesize and characterize chromium and manganese oxo are also included. 

In addition, potential future experimentation will be discussed using preliminary data 

from this work.    

3.2 Results and Discussion 

3.2.1 Vanadyl(IV) Octaethoxyphthalocyanine Synthesis and Characterization (3.1)  

 The synthesis of the vanadyl phthalocyanine species is modified from a reported 

synthesis by Rauchfuss.29 The vanadyl phthalocyanine is similarly made to the other 

metal phthalocyanines, from the protonated (2.3) or lithiated (2.2) form of the ligand. An 

excess of vanadyl sulfate and sodium biocarbonate is added to a solution of refluxing 
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solution of protonated (2.3) or lithiated (2.2) phthalocyanine in DMF. This solution is 

refluxed for 5 hours, after which time it is cooled and water is added to precipitate out the 

metallated phthalocyanine product. Filtration of the product yields a dark green powder at 

69% yield. Crystals for this species can be grown from DCM and ether (Scheme 3.1). 

  

Scheme 3.1. Synthesis of 3.1 

 The 1H NMR spectrum of the product in CDCl3 reveals three broadened signals, 

despite having a paramagnetic metal center. The three signals are located at 8.50 ppm, 

5.03 ppm and 1.88 ppm. These signals integrate to 8, 16, and 24 respectively. It is likely 

that the 8.50 ppm signal references the aryl protons in the phthalocyanine and the two 

signals at 5.03 ppm and 1.88 ppm refer to the ethoxy groups. Attempts were made to do 

51V NMR on the species, but as it is a paramagnetic species, the signal is too broad to 

observe.  

 Low Temperature EPR spectroscopy was run on 3.1 to confirm the presence of 

vanadium and to compare it to other vanadyl C4v species. The spectrum was taken in 

DMF and yielded the spectrum seen in Figure 3.4. The g|| value was found to be 

approximately 2.10 and g⊥ was found to be approximately 2.00. The hyperfine coupling 
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constant were found to be 44 MHz and 169 MHz for a|| and a⊥, respectively.29 These 

values are almost identical to those reported by Rauchfuss, where the g|| value was 2.139 

and g⊥ was approximately 2.0048. In addition, the hyperfine coupling constant were 45 

MHz and 168 MHz for a|| and a⊥, respectively.29 

 

Figure 3.4. EPR spectrum of V=O(IV)OEPC taken at 100 K in frozen DMF.  

 ESI was run on 3.1 in THF and this yielded a molecular ion peak at 931.4 m/z. A 

[M+1] peak was located at 932.4 m/z. These peaks overlap making the isotopic splitting 

unclear.  

 Crystals of 3.1 are grown as green hexagonal plates from a solvent system of 

chloroform and ether. The refined structure is seen in Figure 3.5.The most significant 

bond in this structure is that of the V=O. The structure is interesting as it contains a 

puckering of the vanadium out of the center of the pocket. The phthalocyanine ligand 
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itself is not planar, but rather it has more of a saddle shape with two groups. The vanadyl 

bond length is shorter, but comparable to the bond lengths seen in vanadyl porphyrin and 

phthalocyanine systems. In vanadyl porphyrins and unsubstituted vanadyl 

phthalocyanines, the vanadyl bond has lengths of 1.620 and 1.580 Å respectively.  The 

bond length seen in 3.1 is shorter having a length of 1.576(6).30-31  

 

Figure 3.5. The crystal structure of 3.1. Selected bond lengths: V=O: 1.576(6) Å N1-V: 
2.033(8) Å, N2-V: 2.063(7) Å, N3-V: 2.043(7) Å, N4-V: 2.036(7) Å 
 

3.2.2 Vanadyl (IV) Octaisopropoxyphthalocyanine Synthesis and Characterization 

(3.2) 

 Metallated octaisopropoxyphthalocyanine (OIPC) has been synthesized 

previously, but only a nickel phthalocyanine is known.29 The vanadyl 

isopropoxyphthalocyanine is easily synthesized by adding excess vanadyl sulfate and 
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excess sodium bicarbonate to a solution of refluxing protonated (2.9) or lithiated 

phthalocyanine (2.8) in DMF. This solution is refluxed for two hours, after which time it 

is cooled and water is added to precipitate out the vanadyl phthalocyanine product 

(Scheme 3.2). The reaction had a yield of 26%. 

 

Scheme 3.2. Synthesis of the vanadyl isopropoxyphthalocyanine (3.2) 

 ESI was run on the species in methanol and it yielded a molecular ion peak at 

1043.4 m/z. In addition to the [M]+ peak there was a [M+1] peak that appeared at 1044.5 

m/z. These overlapping signals made confirmation of the isotopic splitting difficult, but 

confirm the existence of the desired species as a product of this reaction.  

3.2.3 Attempts at a Chromium Oxo 

 Chromium oxos are known in corroles and in porphyrins as well. Similar to some 

of the manganese corrole systems, the use of O-atom donors, such as m-CPBA or 

iodosobenzene is useful in the formation of the terminal oxo in both the porphyrin and 

corrole ligand frameworks.32-33 For our system, we examined whether the use of an O-

atom donor would generate a terminal Pc-Cr oxo. Use of iodosobenzene as an O-atom 

donor was tested first (Scheme 3.3). Iodosobenzene on transfer of an O-atom reverts to 
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become iodobenzene, which can easily be observed by 1H NMR. Accordingly, the 

reaction of iodosobenzene with the chromium(II) phthalocyanine was run in the d3-

acetonitrile in a sealed J. Young NMR tube. No color change was observed in the 

reaction solution and further evaluation by NMR proved no conversion to iodobenzene. 

Furthermore, ESI showed no proof of a bridging or terminal oxo. 

 

  

Scheme 3.3. Reaction of 2.4 with Iodosobenzene in Deuterated Acetonitrile. 

 

 Hypochlorite proves to be a very useful oxidant in the synthetic route for 

synthesis of manganese nitrides of both phthalocyanines and salen complexes.34-36 

Therefore, it is possible that hypochlorite could form an oxo with the phthalocyanine in 

the presence of air. Chromium(II) phthalocyanine was dissolved in methanol and cooled 

to -78oC and bleach was added in excess as the reaction stirred. After a half hour, the 

reaction had changed from green in color to an orange-yellow color. An extraction was 

performed using DCM and water. The DCM layer containing the orange-yellow product 

was separated from the water used to separate out unreacted bleach. The DCM was dried 

and MALDI-TOF was run on the produced species. The spectrum of this species did not 

N

N

N

N N

N

N

N O

O

OO

O

O

O O

Cr
PhIO

CD3CN

2.4



	 65	

show an oxo species, but rather a hydroxo species. Attempts to recrystallize and confirm 

that the identity of the species was indeed a hydroxo chromium species have been 

unsuccessful (Scheme 3.4) 

 

Scheme 3.4. Reaction of 2.4 with hypochlorite in bleach.  

 

3.2.4 Attempts at a Manganese Oxo 

 As noted in Chapter 1, there are a few examples of manganese oxo corroles. 

Using a manganese(III) species and an O-atom donor or oxidant afforded a manganese 

oxo product. Goldberg was able to use m-CPBA, iodosobenzene and air as oxidants to 

produce a manganese oxo from manganese(III) corroles and corrole derivatives.7, 16-18 In 

addition, there are reports of porphyrin manganese-oxos being formed using 

hypochlorite.34-35 

 When the manganese(III) chloride was dissolved in methanol and cooled to -

78oC, addition of excess bleach solution to this stirring solution yields an orange brown 

solution (Scheme 3.5). DCM was stirred into the solution after a half hour, and an 

extraction of the DCM using water to remove excess bleach was performed. The orange 

brown DCM solution was dried and afforded an orange brown product. The 1H NMR 
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spectrum of this species offers a few broadened signals very similar to that of the 

manganese(III) chloride solution. There is no evidence that the oxidant caused the 

phthalocyanine ring to decompose to form its precursor or fragmented units. The MALDI 

data shows no evidence of the starting material, a terminal oxo, or even a bridging oxo 

species. However, a signal does appear in the MALDI spectrum at 936.679 m/z. This 

species is very possibly a manganese (III) hydroxide. Attempts to grow crystals of the 

product from a number of solvent systems have been fruitless, with solutions often 

forming oily and/or powdery products. 

 

Scheme 3.5. Reaction of 2.5 with bleach.  

  

 Further attempts were made using m-CPBA, as it was seen as a successful reagent 

by the Goldberg group in their conversion of manganese(III) corrolazines into manganese 

oxos.7 A solution was prepared of 1 equivalent of manganese(III) chloride 

phthalocyanine dissolved in 5 mL of DCM.  1 equivalent of the m-CPBA dissolved in 

DCM was added to this red solution. The solution was stirred for a few hours after which 

no color change was noted. The reaction was left to stir overnight after which no change 

had occurred. A MALDI-TOF analysis confirmed that no reaction had occurred (Scheme 
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3.6). Similar reactions using 1 equivalent of other O-atom donors, such as iodosobenzene 

yield a similar result of no reaction.  

 

Scheme 3.6. Reaction of m-CPBA with 2.5. 

 

At this point, we considered whether the presence of the chloride may be a 

potential issue in the formation of an oxo species. In all of the corrolazine examples 

explored there was no axial ligand present prior to formation of the metal oxo. Attempts 

to synthesize and isolate a “naked” manganese(III) phthalocyanine (2.6) became 

successful through the use of [Et3Si][B(C6F5)4]. This reagent removes the chloride, and 

replaces it with an outer-sphere anion, B(C6F5)4
-, leaving the axial sites on the manganese 

free for bonding. 37-38 The same reactions that were attempted with the manganese(III) 

chloride species were repeated with the now “naked” manganese(III) phthalocyanine. 

The newly synthesized species was first tested with O-atom donors in THF, as its 

solubility is very limited to coordinating solvents. 1:1 reaction with m-CPBA in THF did 

not immediately yield a color change or any noticeable reaction (Scheme 3.7). When left 

to stir overnight the solution seems to have polymerized. The “naked” manganese(III) 

species is soluble in THF, and does not appear to react with it when left to sit in THF, 
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however, the products of the reaction seemed to have caused polymerization of THF 

(Scheme 3.7).   

 

Scheme 3.7.  Reaction of 2.6 with m-CPBA in THF causes polymerization of THF. 

 Further reactions were tested using acetonitrile, which forms a blue solution with 

the manganese complex. Acetonitrile does not polymerize as readily as THF, which 

makes it a more suitable solvent. We next attempted the analogous reaction of 2.6 with 

m-CPBA in acetonitrile (Scheme 3.8). The reaction with m-CPBA was fast, as it begins 

to change color with stirring after ca. 5 min changing colors from blue to a reddish-

brown. Attempts were made to characterize this reaction by MS, but the ESI of the 

spectra only shows the starting naked manganese species. UV-Vis shows the reaction 

occurring over a short span of time. In Figure 3.6, the spectrum of the reaction can  
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Scheme 3.8. Reaction of 2.6 with m-CPBA causes the solution to go from a blue to a 
reddish color.  
 
be seen as it reacts over time. The spectrum shows a blue shift of the Q-Band from 852 

nm to 837 nm as the reactants convert to the products. The change happens rapidly with 

the product completely forming after a little more than an hour. The black trace 

represents the reaction at its start and the red trace shows the product after the reaction is 

completed.  
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Figure 3.6. UV-Vis spectrum of the “naked” manganese phthalocyanine and its reaction 
with m-CPBA. Reaction run in acetonitrile, with a 90 second acquisition delay over a 2.5 
hour span. The black trace represents the starting material and the red trace represents the 
product, the grey traces show the transition from starting material to product over time.  

 

 
Similar attempts were made using iodosobenzene over time in the UV-Vis, but 

the poor solubility of the iodosobenzene in acetonitrile made the reaction difficult to track 

over time. However, this species seems to be reactive with molecular oxygen (Scheme 

3.9) similarly to the Goldberg manganese corrole. An equivalent was dissolved in 

acetonitrile and placed in a UV-Vis cell. An initial scan was run to mark the starting 

spectrum, and then a needle was used to introduce oxygen to the airtight UV cell 

(Scheme 3.9). 100 scans were run over a fifteen hour period and show a blue shift to a 

new product as can be seen in Figure 3.7. The black trace with the least absorbance 
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shows the starting material and over fifteen hours this signal has a blue shift to the 

product species. Attempts to crystallize this product have been ineffective and the mass 

spectrum of this species is similarly useless, as it shows signal at the same value as the 

“naked” manganese.  

 

Scheme 3.9. In solution 2.6 reacts with air going from a blue solution to a reddish 
colored solution.  
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Figure 3.7.  UV-Vis spectrum of airs reaction with the “naked” manganese 
phthalocyanine species. Reaction run in acetonitrile over 15 hours with a 9 minute 
acquisition delay time. The black trace represents the starting material and the red trace 
represents the product, the grey traces show the transition from starting material to 
product over time. The reaction is much slower with O2 but shows the same shift. 
  
 Further study of these two reactions and other reactions of the “naked” manganese 

species could be useful in isolation of a manganese-oxo phthalocyanine species. The 

“naked” manganese species is reactive and might prove to be an invaluable starting 

material for the synthesis of an oxo species. 

3.3 Future Work 

 In this chapter there has been convincing evidence that an oxo can be formed 

using a naked manganese phthalocyanine. Further evaluation of this species and its 

reactivity could be useful in developing a strategy to synthesize a manganese oxo bond. 

As stated in the introduction, it is favorable to have a lower electron count in order to 
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synthesize an oxo species, as more electrons in the d orbitals will cause repulsion 

between the metal and the oxo ligand. This could develop into a good strategy to aid in 

the formation of a chromium species as well. Previous attempts to synthesize a 

chromium(III) phthalocyanine species have not been as successful as the synthesis of 

isolated chromium(II) species. However, a chloride donor such as trityl chloride could be 

used to convert the chromium(II) to a chromium(III) species. This species can be tested 

for reactivity with O-atom donors first to ensure that it is not a reactive species and a 

good pathway to a chromium-oxo. If this is unsuccessful, further modification of the 

chromium species to remove the chloride, creating a “naked” chromium phthalocyanine 

could be beneficial to the synthesis of an oxo.  

 If these modifications to the metal center prove fruitless, changes to the ligand 

framework could prove useful. The ligand synthesized by the Goldberg group starts as a 

porphyrazine and removal of one of the bridging nitrogen atoms affords them a 

corrolazine.5 It is possible that similar reactions of the phthalocyanine can afford a 

triazatetrabenzcorrole, which is a similar framework. Alternatively, following literature to 

synthesize this ligand and use it to synthesize a 3- ligand would be beneficial and 

potentially useful as starting from a 3+ metal has proven to be a more reactive start point 

for making a metal oxo species with corroles.39-40 

 If a phthalocyanine oxo is synthesized, the potential for the species to be used in 

C-H bond activation can be explored. Studies can be conducted to confirm or deny the 

ability of the synthesized oxo to perform this C-H cleavage reaction, as the manganese-

oxo’s of the Goldberg group are capable of breaking the C-H bonds of phenols.7-8, 10 
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 Alternatively, the two potential hydroxo species, synthesized by the addition of 

hypochlorite to a solution containing either chromium or manganese phthalocyanine 

could be of potential use. The hydroxide species synthesized by the Goldberg group were 

also effective C-H bond activation catalysts and if either the chromium or the manganese 

hydroxo phthalocyanine can be isolated in good yield, they may be capable of C-H 

activation catalysis.16  

 Lastly, additional species could be synthesized using the 

isopropoxyphthalocyanine. A study to determine if the ligand does help to trap the 

phthalocyanine oxo could prove useful. It would be interesting to compare the two 

ligands and see how reactivity of these two ligands could be different. This is similar to 

the picket-fence porphyrin in theory, and might prove to be an effective strategy.19-24, 41-42  

3.4 Experimental 

3.4.1 General 

 All reactions and the following manipulations were carried out under anaerobic 

and anhydrous conditions with a nitrogen atmosphere by Schlenk or glovebox techniques 

(MBraun UNIlab Pro SP Eco equipped with a -40 oC freezer). Pentane, diethyl ether, 

dichloromethane, and tetrahydrofuran (Aldrich) were dried using an MBraun Solvent 

Purification System and stored over 4 Å molecular sieves for 24 hours prior to use. 

Acetonitrile (Aldrich) was distilled from calcium hydride and stored over 4 Å molecular 

sieves. Deuterated solvents (Cambridge Isotope Laboratories) were degassed and stored 

over 4 Å molecular sieves for 24 hours prior to use. Celite was dried by heating to >250 o-

C under dynamic vacuum for at least 24 hours prior to use.  
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 NMR spectra were obtained using an Agilent Technologies 400 MHz 

spectrometer or a Varian Unity Inova 500 MHz spectrometer. Samples were referenced 

using the residual protio solvent peaks. UV-Vis spectroscopy was performed using a 

Shimadzu UV-2401PC spectrometer in a quartz cuvette containing a J. Young airtight 

adaptor.  

 Mass spectrometry was run at UCSB Chemistry’s Mass Spectrometry Facility and 

all MALDI-TOF was run using a Microflex LRF MALDI TOF spectrometer with a 60 

Hz nitrogen laser at 337nm.  All ESI data was run on a Waters LCT Premier operated in 

positive mode by direct injection of the sample in either THF, acetonitrile, or methanol 

into the instrument.  

3.4.2 Synthesis of Vanadyl 1,4,8,11,15,18, 22,25Octaethoxy-29H, 31H-

phthalocyanine (V=OOEPC) (3.1) 

 A 100 mL Schlenk flask was charged with 500 mg (0.577 mmol) of 2.3, 470 mg 

(2.883 mmol) of vanadyl sulfate, and 242.2 mg (2.883 mmol) of sodium bicarbonate. A 

solution was created by adding 50 mL of DMF. The solution was brought to reflux and 

refluxed for five hours. After five hours the solution was removed from heating and left 

to cool. Once cooled the solution was transferred to a 500 mL Erlenmeyer flask filled 

with 250 mL of DI water. This solution was allowed cool in the fridge overnight. After 

cooling, the product was filtered using a fine porosity frit. The solid product was washed 

with 30 mL of DI water, followed by 30 mL of ethanol, and 30 mL of ether. Yield: 0.380 

g (0.408 mmol, 69%) 1H NMR(CDCl3): δ 8.50 (bs, 8H, C6H2), 5.03 (bs, 16H, OCH2), 

1.88 ppm (bs, 8H, CH3). 51V NMR (CDCl3): Silent. ESI (THF): [M]+ 931.4 m/z, [M+1]+ 

932.4 m/z. LT-EPR (100K, DMF): g|| : 2.10, g⊥: 2.00.  
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3.4.3 Synthesis of Vanadyl 1,4,8,11,15,18, 22,25Octaisopropoxy-29H, 31H-

phthalocyanine (V=OOIPC) 

 A 100 mL schlenk flask was charged with 200 mg of 2.9 (0.204 mmol), 166 mg 

(1.018 mmol) of vanadyl sulfate, and 172 mg (2.047 mmol) of sodium bicarbonate. A 

solution was created by adding 20 mL of DMF. The solution was brought to reflux, and 

allowed to reflux. The solution was then pulled from heat and left to cool. 50 mL of DI 

water was added to the solution and it was moved to the fridge to cool overnight. The 

product was filtered off using a fine porosity frit. The product was then washed with 50 

mL of DI water. Yield: 0.055 g (0.054 mmol, 26%) MALDI: [M]+ 1043.4 m/z, [M+1]+ 

1044.4 m/z 

3.5 Summary 

 This chapter described the synthesis and some characterization of two vanadyl 

alkoxy-substituted phthalocyanine species. Both of the vanadyl species were generated 

using similar methods using a vanadyl salt to replace the protons in the empty pocket of 

the phthalocyanine ligands. Attempts to synthesize a chromium-oxo species proved to be 

ineffective using both iodosobenzene and hypochlorite to attempt to oxidize the 

chromium phthalocyanine. Attempts from the manganese(III) chloride phthalocyanine 

were similarly ineffective in the synthesis of a manganese-oxo phthalocyanine. Despite 

the failure to isolate a manganese-oxo from the manganese(III) chloride phthalocyanine, 

the “naked manganese” species was much more reactive. Reactions with meta-

chloroperbenzoic acid and oxygen show changes in the UV-Vis spectrum over time that 

could be the conversion to a manganese-oxo though isolation and full characterization of 

the produced species has been difficult.  
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