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Metalloporphyrins have been found as effective catalysts 
for the chemical oxidation of organic and inorganic compou­
nds in the presence of oxygen donors.1 As an oxygen dona­
ting reagent, iodosylbenzene, organic perbenzoic acid, hydro­
gen peroxide, sodium hypochlorite, potassium persulphate, 
molecular oxygen and amine N-oxide have been used.2 
Bruice and coworkers primarily showed the oxygen donation 
ability of N,N-dimethylaniline N-oxide to an iron(III) porphy­
rin catalyst.3 Advantages of N-oxides over other chemical 
oxidants are their higher solubility in organic solvents, their 
monomeric nature, and their inability to oxidatively destroy 
the porphyrin ring. Hirobe and coworkers have also reported 
that iron(III) porphyrins serve to deoxygenate tertiary amine 
N-oxide compounds.4 The high-spin six coordinate complex, 
[(TPP)Fe(III)(PN0)2]C104, (TPP= dianion of tetraphenyl por­
phyrin PNO=4-picoline N-oxide), has been prepared and pu­
rified by Reed, Scheidt, and coworkers.5 They characterized

Hgure 1. NMR Spectra of Titration of (TPP)Fe(III)SO3CF3 
Both spectra were taken in CD2CI2 at —31 也：(A) in the prese­
nce of 2.0 equiv of PNO, (B) in the presence of 5.0 equiv of 
PNO. T represents a pyrrole resonance of the initial iron(III) 
triflate complex.

this complex by infrared spectroscopy, magnetic susceptibility 
and elemental analysis, but not NMR spectroscopy. In this 
paper an evidence for coordination of PNO to the iron(III) 
porphyrins by 'H NMR measurments is described.

Experimental

PNO was purchased from Aldrich and recrystallized from 
acetone and diethyl ether. As reported previously, the triflate 
complex, (TPP)Fe(III)SO3CF3, was prepared by dissolving the 
E(TPP)Fe(III)]2O in CH2CC12 and stirring with 1 M aqueous 
HSO3CF3 (Aldrich) for several hours.6 'H NMR spectra were 
recorded on Bruker AC-200 Fourier transform spectrometer. 
All NMR signal positions were obtained through the use 
of the solvent as a reference. The solvent signal for CH2CI2 
(CDHCI2) was assigned as 5.32 ppm vs TMS. NMR measure­
ments were performed at 25 t or -31

Results and Discussion

Coordination of picoline N-oxide in CH2CC12 solution to 
the iron(III) porphyrin containing a very weak ligand, (triflate 
anion CF3SO3^), is evident by NMR spectroscopy. A pyrrole 
proton resonance of the iron(III) triflate porphyrin, (TPP)Fe 
(IIDSO3CF3, in CD2CC12 was observed at 39.6 ppm in the 
'H NMR spectrum at room temperature.6 Titration of the 
triflate complex with PNO in a non-coordination solvent re­
sults in the following observation. Addition of 1.0 equiv of 
PNO gives a very broad pyrrole signal at —48.5 ppm at 
room temperature. This 48.5 ppm signal shifts further down- 
fi시d to 60.1 and 68.4 ppm with addition of 2.0 and 5.0 equiv 
of PNO. The shift downfield and broadness of the pyrrole 
proton resonance in the NMR spectrum probably indica­
tes a fast exchange process for the triflate ligand and PNO
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on the NMR time scale.7 As the temperature was lowered, 
the pyrrole proton resonance at 60.1 ppm in the presence 
of 2.0 equiv of PNO split at 一 31 ◎ near the slow exchange 
limit and three individual pyrrole signals were seen (Figure 
1-A). Three pyrrole resonances at 884 73.8 and 24.5 ppm 
were assigned to bis PNO, mono PNO and unreacted iron 
(III) triflate complex, respectively. The NMR spectrum 
of a triflate complex with 5.0 equiv of PNO shows only the 
species bis PNO complex, E(TPP)Fe(III)(PNO)2]SO3CF3, at 
—31 t (Figure 1-B). The pyrrole resonance was observed 
at 88.4 ppm at — 31 and was confirmed with P-pyrrole
deuterated (TPP-rfs)FeSO3CF3 in the 2H NMR spectrum.

Ortho-, meta-protons and 4-methyl peaks of coordinated 
PNO in the bis PNO complex were observed at 一 63.4, 32.5 
and 73.8 ppm in CD2CCI2 solution at —31 t. These peak 
assignments are based on the intensity and shift pattern. 
The alternating shifts and large isotropic shifts imply the 
involvement of a n-spin delocalization pathway through the 
axial ligand.8 This observation bears a similarity to the pre­
viously characterized phenolate axial ligand resonance posi­
tion in an iron(III) porphyrin complex.9 From the knowledge 
of axial ligand PNO 산lemical shifts for the bis PNO complex, 
assignment of axial ligand PNO signals for the m이10 PNO 
complex was carried out for the lH NMR spectrum of the 
mixture. Ortho-, meta-protons and 4-methyl re앙on화nee for 
the mono axial ligated PNO were detected at —67.4, 35.5 
and 77.0 ppm in CD2CC12 at -31 °C, respectively.

The iron(III) triflate complex has an admixed spin state 
(S=5/2 and 3/2) in solution.6 The pyrrole proton resonances 
for the triflate complex show non-Curie law behavior in mov­
ing upfield as the temperature is lowered. The pyrrole pro­
ton signal at 39.6 ppm at room temperature is shifted to 
24.5 ppm at — 31 t. Appearance of the pyrrole resonance 
for the mono PNO complex at 73.8 ppm at — 31 fc implies 
the high-spin iron(III) state, as the pyrrole chemical shift 
values for the high-spin iron(III) tetraarylporphyrins range 

from approximately 60 to 80 ppm.10 Appearance of the pyr­
role proton signal at 88.4 ppm for bis PNO complex also 
indicates the high-spin 마ate, and this is consistent with the 
previously reported result.5
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