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Abstract 

The one-step preparation of the manganese(H) 
tetraaza macrocyclic compounds, Mn phthalocyanine 
and Mn octaphenylporphyrazine from dir&riles 
and metallic manganese is described. The magnetic 
and other physical properties of the heretofore un- 
known Mn octaphenylporphyrazie complex are 
addressed. 

Introduction 

Despite the apparent structural similarity of 
porphyrin and phthalocyanine complexes, the chem- 
ical properties of the complexes of these two ligands 
are often very different. For example, the phthalo- 
cyanine ligand is more easily oxidized and more 
easily reduced than the porphyrin ligand [l]. The 
phthalocyanine ligand has also been shown to be a 
much stronger field ligand than a porphyrin and the 
hole radius is smaller for phthalocyanine complexes 
by -0.07 A [l]. The stronger ligand field of the 
phthalocyanine ligand causes its complexes to be 
intermediate or low spin even in many cases where 
the analogous porphyrin complexes are high spin 
[l] . An example is manganese(I1) phthalocyanine 
which is believed to have an unusual S = 3/2 spin 
state [2] whereas manganese(I1) tetraphenylpor- 
phyrin has an S = S/2 ground state [3]. We have 
been investigating the coordination and reaction 
chemistry of high-valent manganese tetraphenyl- 
porphyrin complexes and we wished to compare 
this chemistry with that of manganese phthalocy- 
anine and other manganese tetraazaporphyrin com- 
plexes. Unfortunately, the study of the solution 
chemistry of phthalocyanine complexes is severely 
limited by their low solubility in most solvents [4]. 
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The low solubility of these complexes is probably 
due to the very efficient stacking of the flat phthalo- 
cyanine molecules in the solid phase. Syntheses of 
more soluble analogues of phthalocyanines are 
needed. 

Linstead and co-workers have described the 
synthesis of a series of octaphenyltetraazaporphyrin 
complexes (also called octaphenylporphyrazines) 
[5] and reported that the complexes were both more 
soluble in organic solvents and more stable toward 
oxidation than the corresponding phthalocyanine 
complexes [S] . In this paper we describe the first 
synthesis of the complex manganese(I1) octaphenyl- 
porphyrazine and attempts to make what were hoped 
would be a soluble manganese(I1) octaethylphthalo- 
cyanine complex. A new synthesis of manganese(I1) 
phthalocyanine has also been developed. All of these 
reactions utilize the direct reaction of the appro- 
priate din&riles with manganese powder as shown 
in Fig. 1. 

Experimental 

Physical Measurements 
Elemental analyses were performed by the micro- 

analytical laboratory, Department of Chemistry, 
University of California, Berkeley. Electronic spectra 
were recorded on a Hewlett-Packard 8450A UV- 
visible spectrometer. Electron paramagnetic 
resonance spectra (X-band) were recorded on a 
Bruker ER200D instrument at temperatures ranging 
from 85 K to 298 K. Variable temperature mag- 
netic susceptibility measurements in the solid 
state were recorded on a SQUID apparatus (SHE 
Corp. VTS 800 susceptometer) which had been 
calibrated at low temperature by using a Pt standard. 
Fourier transform ‘H NMR spectra w&e recorded 
on the UCB-200 instrument at 201.96 MHz. 
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pure product was low (5.7% yield after two sublima- 
tions), but no attempt has been made to optimize 
the yields. Sublimation of the product at 480 “C 
and the simplicity of its mass spectrum attest to 
the stability of this molecule. 

The heating of the diethylphthalonitrile with 
manganese powder at temperatures greater than 
300 “C did cause complete reaction of the dinitrile 
since products were formed that were solids well 
above the melting point of the dinitrile. Strong 
heating of these solids in UCICUO yielded only very 
small amounts of sublimable material. The visible 
spectra of the sublimed material showed that the 
metallated macrocycle had indeed formed. It is not 
known if the low yield was due to the low volatility 
of the octaethylphthalocyanine product or the 
lack of its formation. It would be useful to metallate 
the independently synthesized octaethylphthalo- 
cyanine ligand to determine the solubility and 
volatility properties of the authentic manganese 
complex. However, the recently reported very low 
solubilities of even octabutylphthalocyanine com- 
plexes [7] and the very low solubilities found for 
octaethylphthalocyanine [6] suggest that octaalkyl- 
phthalocyanine complexes are species with very 
limited solubilities. 

jacent MnPc molecules [IS] and antiferromagnetic 
exchange between adjacent MnPc stacks [ 161. It was 
proposed that the interaction of the paramagnetic 
centers in Mn”Pc is propagated through the very 
close (3.15 a) Mn-N intermolecular contacts and/or 
via the n--n interactions of the closely packed MnPc 
molecules (the interplanar spacing is -3.4 A) [ 171. 
Although the crystal structure of manganese(I1) 
octaphenylporphyrazine, 2, is not known, the eight 
phenyl groups arranged perpendicularly to the 
porphyrazine plane might not allow as close an 
interplanar approach of two molecules of 2 as two 
molecules of Mn”Pc. Nevertheless, the rapid decrease 
of the magnetic moment of 2 with temperature may 
indicate the presence of intermolecular antiferro- 
magnetic coupling in the solid state. However, it 
has recently been reported that solid samples of 
the manganese(U) complex of tetrasulphonated 
phthalocyanine have a temperature-dependent mag- 
netic moment that decreases from 5.9 pg at 299 K 
to 3.55 pg at 4.42 K. The authors of that report 
have suggested that the magnetic behavior is consis- 
tent only with a spin equilibrium between high, 
low, and intermediate spin states of a d5 ion [18]. 

Manganese@) octaphenylporphyrazine, 2, was 
conveniently isolated in a pure form from the 
reaction of diphenylmaleinitrile with manganese 
powder, but it was also insufficiently soluble in 
organic solvents to study its ‘H or 13C NMR pro- 
perties. The magnetic and EPR properties of 2 
in the solid state were determined. 

In conclusion, the magnetic properties of 2 are 
complex. They may be complicated by inter- 
molecular antiferromagnetic coupling and/or tem- 
perature-dependent spin equilibria where the lower 
multiplicity spin states become increasingly pop- 
ulated at lower temperatures. 

Ideally, a magnetically dilute monomeric man- 
ganese(I1) complex would exhibit one of the three 
spin states S = S/2, 312, or l/2. These should give 
rise to effective magnetic moments of 1.73, 3.87, 
or 5.92 /*B, assuming that all orbital angular mo- 
mentum is quenched. The room temperature mag- 
netic moment of 2, peff - 4.7 PB, does not corre- 
spond to any of these values. Although the room 
temperature magnetic moment is near the value of 
4.9 expected for a high-spin Mn(II1) ion that might 
be formed by air-oxidation of 2, the steady decrease 
in the magnetic moment with temperature to 3.3 
& by 5 K is too large for a high-spin Mn(II1) ion. 
For example, magnetic susceptibility measurements 
of high-spin Mn(II1) porphyrin [ 131 and phthalo- 
cyanine [14] complexes have been reported and 
all exhibit room temperature magnetic moments 
of -4.9 pg which do not decrease rapidly with 
temperature. 
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