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Metalloporphyrin radical-cations are important in many biological redox 

reactions but their mode of action is unclear. 192 E.s.r. studies of these 

species have provided some useful insights but the spectra are frequently complex 

and difficult to interpret. In this communication we apply an n.m.r. method' to 

these systems and demonstrate that electron density and aggregation information 

can be readily obtained. 

Table 1 shows observed line broadenings at 100 MHz for the radical-cations 

of metalloporphyrins 1-2 in CDCl 
3 

solution.4'5 
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Table 1 

Observed broadenings for some magnesium tetraphenylporphyrin cations 
a 

in CDCl 
3 

Relative Broadening 

3-CH3 4-CH3 -0CH 
3 B-H 

1 1 -0.7 -0.9 CO.1 

- 
2 CH3 \ / -0 1 *- 0.7 <O.l -0.9 <O.l 

cfi3 
- 

9 CH3C \ / 0 1 '- 0.7 co.1 CO.1 co.1 

CH_x 

a 
Generated by addition of iodine to neutral species. 

Temperature and frequency dependence of the broadening confirm that the fast 

exchange condition holds for all resonances, and therefore broadening should 

directly reflect free electron density. 3 Clearly this is fairly evenly spread 

around the aromatic ring, but it is striking that in compound 1 delocalisation 

takes place into the h-methyl group, and not into the y-methyl group. Relative 

broadenings are not substantially changed in solutions containing up to at least 

50$ methanol or pyridine. These solvents coordinate strongly to the central 

metal ion. 

In contrast, the effect of solvent on MgOEP+' is dramatic (Table 2): the 

ethyl resonances are strongly broadened in CDCl 
3 

solution (Figure) but not in the 

presence of methanol. Solutions with a high methanol concentration appear con- 

sistent with the expected' free electron density distribution, and since this 

distribution should not be very dependent on solvent the ethyl resonances in 

CDCl 
7 

solution must be suffering a dipolar (spin-label) broadening. Dipolar 

broadening occurs when the radical correlation time (T,) is sufficiently long 

that the radical field effects are not averaged out by tumbli_ng and we deduce 
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therefore that MgOEP" is aggregated 

of radical-induced T 
1 

changes indeed 

4545 

in CDCl solution. 

confirm"9 

Preliminary measurements 

that rc (CH2) is approximately 

1 x 10 
-8 

set and rc (CB3)% -5 x 10m9 in CDC13 solution. 

Figure: The effect of added iodine on the 100 MHz p.m.r. spectrum of MgOEP 

(0.007 M) in CDCl3. Successive spectra are offset. 

Table 2 

Solvent dependence of broadenings in MgOEP+* 

Solvent Relative Broadening 

*DC13 %CD3OD mes0-H 
CH2 

CH 
3 

100 1 s.oZo.5 -0.2 

99 1 1 0.720.3 - 0.07 

90 10 1 0.25tO.05 3 0.02 

25 75 1 (0.07 co.01 

We conclude therefore that" 

(i) MgoEP, 4, is aggregated in CDCl 
3 

solution. 

(ii) The aggregates can be dispersed by methanol. 

(iii) The substituted tetraphenyl porphyrins 

aggregated in CDCl 
3' 

presumably due to 

actions. 

1-J are not substantially 

unfavourable steric inter- 

(iv) Radical-induced T, changes can be used to give information on 
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mobilities in various parts of a molecule. 

Detailed studies of chlorophyll-derived radical-cations are in hand in an 

effort to define precisely both the electron density distribution and these 

mobility characteristics. 
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