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The geometric and electronic constraints associated with al- 
kylation of one of the pyrrole nitrogens are responsible for the 
essential differences in the properties of metal ion complexes of 
N-alkylporphyrins as compared to those of their non-methylated 
counterparts.'" 
IH NMR spectroscopy is widely used for the characterization 

of metall~porphyrins.'-~ Metal complexes of porphyrins have 
been employed with some success to mimic the spectroscopic 
properties of hemoproteins.I0 

The interest in high-spin Co( 11)-N-alkylporphyrin complexes 
does not arise from their occurrence in natural systems but, rather, 
from spectroscopic considerations. 

The possible application of 'H NMR spectroscopy to elucidate 
a mechanism for the formation of N-alkylated porphyrins (green 
pigments) during the cytochrome P-450 destruction" may benefit 
from model studies using a variety of different metal ions as other 
mechanistic deductions involving regular metalloporphyrins have 
utilized several different metal ions.' 

'H NMR spectra of chloro(N-methyl-5,10,15,20-tetra- 
phenylporphinato)cobalt(II) (1) and chloro(N-methyloctaethyl- 
porphinato)cobalt(II) (2) (Figure 1) clearly demonstrate a lack 
of fourfold symmetry, and the number of resonances is consistent 
with the presence of a mirror plane intersecting the chloride and 
the alkylated and opposite nitrogen atoms. The pattern of the 
spectrum of 1 with three downfield and one upfield pyrrole res- 
onance is important, since it seems to be very characteristic for 
paramagnetic N-alkylporphyrin metal ion complexes.5*6 

The full assignments of the resonances of 1 and 2 are presented 
in Figure 1 and are based on selective deuteration ( ( N -  
CH3TPP-d8)CoCl and (N-CH,0EP-meso-d4)CoCl) and use of 
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Figure 1. 100-MHz 'H NMR spectra of (A) (N-CH,TPP)CoCl 
(CD2C12, -80 "C; N-CH, resonance shown in the insert) and (B) (N-  
CH3OEP)CoCl (CDCI,, -60 OC, inserts present changes due to the meso 
deuteration). Abbreviations: pr, pyrrole; 0, ortho; m, meta; p, para. 
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Figure 2. Plot of the temperature dependencies of the shifts of (N-C- 
H9TPP)CoCl in CDCl,: (open circles) ortho; (solid circles) meta; (solid 
circles with "tail") para; (long ovals) N-CH,; (half-filled circles) pyrrole. 

complexes with C1 substituting phenyl positionsI2 along with line 
width and intensity analysis. 
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Figure 3. Titration of (N-CH,TPP)CoCl with 1-methylimidazole (sol- 
vent CDC13, concentration of complex 12.8 mM, 25 "C). Concentration 
of 1-methylimidazole: (A) 0; (B) 0.45 M; (C) 0.6 M; (D) 2 M. Ab- 
breviations: p, pyrrole resonances of 1; pl, pyrrole resonances of 3. The 
remaining part of the spectrum is obscured by I-MeIm resonances. 

The plots of shift vs. T' for 1 (Figure 2) and 2 present a 
noticeable deviation from Curie law, particularly for pyrrole and 
NCH3 resonances (extrapolated intercepts for pyrroles are 3.09, 
-8.3, 0.1, and -3.2 ppm and 41.5 ppm for NCH3). This clearly 
implies the existence of thermal equilibrium between closely 
situated electronic states of high-spin CO(II).'*'~ The methylated 
nitrogen is approximately sp3 hybridized;' therefore only a u 
delocalization mechanism is available for the N-methyl group. 
For this type of delocalization one would expect to observe a large 
downfield shiftI9 for the methyl resonance. The observed large 
upfield shift of the N-methyl group is consistent only with a 
predominant dipolar contribution to the isotropic shift. 

When axial symmetry geometric factors are used to account 
roughly for dipolar shifts of the phenyl resonances, good linear 
correlations with isotropic shifts are achieved for several different 
orientations of the main magnetic axis. Therefore, its exact 
orientation remains unknown and the separation of the dipolar 
and contact shifts will require further detailed study of the 
magnetic tensor orientation and components. 

The experimental line width ratios 1:1.18:1.14:1.25 (-60 "C) 
for Hb:H,:Hd:H, protons respectively are slightly different from 
those theoretically predicted on the basis of the dominating dipolar 
contribution to the relaxation mechanism,' Le. 1:1.08:1.123:1.25 
(r4 values were calculated from the crystallographic data'). 
However, the considerably large differences between experimental 
and theoretical values have been observed at  20 OC. Due to the 
specific orientational dependence of the magnetic susceptibility 
tensor, an angular dependence of TI and T2 can account for the 
difference.21.22 This angular dependence is usually neglected for 
regular porphyrins as all pyrrole protons have a similar orientation 
with respect to the main magnetic axis. The tentative assignment 
of pyrrole resonances is presented in Figure 1. 

The thermodynamic parameters for rotation of the phenyl 
groups of 1 were determined by 'H NMR.  Similar AG* values 
for both (nonequivalent by geometry) sets of phenyl groups were 
determined on the basis of In (line width) =AT') analy~is.2~ The 
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following values have been found (CDCl, solution): ol proton, 
AH* = 9.0 7 0.4 kcal, AS*/R = -13.2 r 0.6, AG*298 = 16.9 F 
0.8 kcal; o2 proton, Ai!P = 11.4 7 0.6 kcal, A S I R  = -8.5 r 1.0, 
AG*298 = 16.5 7 1.3 kcal. The measured values are similar to 
those reported previously for a large variety of non-N-substituted 
tetraphenylporphyrins and their complexes (meso-tetrakis(o- 
hydroxyphenyl)porphyrin,24 AG*298 = 24 kcal; (TPP)Ni", AG*463 
> 26 k ~ a l ; ~ ~  TPP complexes of ruthenium, titanyl, and indium,26 
AH* = 11.2-17.5 kcal, ASSIR = -3.1 to -12.4, AG'29s = 
14.3-18.6 kcal). The different positions of phenyls with respect 
to the N-methyl-substituted pyrrole ring are probably responsible 
for differences in the respective AH* and AS* values. 

The addition of 1-methylimidazole to 1 resulted in the formation 
of a new set of resonances corresponding to the five-coordinate 
species (N-CH3TPP)Co"( 1-MeIm) (3) (Figure 3). The stability 
constant calculated from the pyrrole intensity ratio analysis equals 
2.1 M (25 OC, CDC13), which remains in good agreement with 
reported values for other high-.Din Co(I1) c ~ m p l e x e s . ~ ~ ~ ~ ~  The 
resonances of the coordinated -MeIm have not been observed 
due to the fast exchange with uncoordinated ligands. 

The identity of observed pyrrole resonances has been confirmed 
by the spectrum of (N-CH3TPP-d8)Co(l-MeIm). The spread of 
pyrrole reSOnanceS increases upon 1-MeIm coordination probably 
due to the preferred orientation of the 1-MeIm plane, which leads 
to preferential ?F spin density d i ~ t r i b u t i o n . ~ ~  

Other paramagnetic complexes with less pronounced dipolar 
contributions are being studied in order to elucidate the spin 
density distribution and spin-transfer mechanism. 
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Recent s t u d i e ~ ~ - ~  have shown that ligands of the type o- 
C,H,(EMe2)(E'Me2) (E, E' = P, As, Sb) (L-L) are particularly 
effective at stabilizing high formal oxidation states of the transition 
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