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contacts are depicted in Figure 2. The average Ag-Ag distance 
is 3.34 (14) A, which is significantly shorter than the one observed 
in the cubane-like isomer of (Ph3P)4Ag414 (3.483 but longer 
than the respective distance in (Ag213)," (3.045 8,).11 

The Et,Te+ ion is normal; the Te-C distances and C-Te-C 
angles are all as expected.2 There are four Te-I contacts, the 
shortest being 3.822 (6) 8, (with I(4)) and the longest being 4.231 
(6) 8, (with I(5)). All these interactions are approximately linear 
with the Te-C bonds, as postulated for such interactions to be 
the secondary bond interactions.l* 
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Porphyrin cation radicals have been identified as intermediates 
in the catalytic cycles of a number of heme-containing peroxidases 
and Cation radicals of pigments that are related 
to porphyrins also play an essential role in 
Consequently, considerable effort has been focused on the 
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Figure 1. Atomic labeling scheme for the meso-alkyllarylporphyrins. 

characterization of these oxidized systems. Ring oxidation of a 
metalloporphyrin yields either a 2A2u or a 2Alu ground state; the 
specific ground state is determined by the nature of the ring 
substitutents and/or the axial ligands to the metal i ~ n . ' ~ - ' ~  
Molecular orbital calculations indicate that the unpaired charge 
density in a 2A2u cation resides primarily on the pyrrole nitrogen 
and meso-carbon atoms whereas this density in a 2Alu cation 
resides primarily on the pyrrole a- and (3-carbon  atom^.'^^^^ The 
resulting spin-density distributions in the two types of cations have 
been probed in detail by Fajer and co-workers who examined a 
number of (3- and meso-substituted porphyrin cation radicals via 
electron paramagnetic resonance (EPR) techniques.I6-l8 These 
studies allowed the characterization of subtle variations in spin 
density as a function of the nature of the substituent group. 

Previous EPR studies have primarily focused on porphyrin 
cations whose substituents are symmetrically disposed about the 
meso- or @-positions of the ring.14,17-19$20 The limitation of these 
studies to symmetrical systems is in large part due to the difficulty 
of preparing in good yield and high purity porphyrins that are 
asymmetrically substituted at  the periphery of the macrocycle. 
Recently, one of our groups has developed a methodology which 
allows ready access to porphyrins that are asymmetrically 
meso-substituted (hybrid porphyrins).21s22 The basic synthetic 
strategy can also be used to enhance the efficiency of preparation 
of other exotic meso-substituted porphyrins such as isotopically 
labeled species. The availability of these various systems affords 
the opportunity to probe more systematically and in greater detail 
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Notes 

Table I. Hyperfine Splittings and El12  Values for the Porphyrin 
Cation Radicals 
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hyperfine splitting, 
G (MHz)C zinc 

1 0.68 I4NI 2 3 4  1.66 (4.64) 
porphyrin" V 

1.66 (4.64) 
1.60 (4.48) 

3a 0.8 1 I4NI 1.66 (4.64) 
14N3 1.45 (4.07) 
14N2.4 1.57 (4.39) 

4 0.87 I4Ni,4 1.64 (4.60) 
14N2,3 1.50 (4.20) 

2 0.75 "NI:f-' 
I4N3,4 

3b 0.8 1 I4Nl,2,3,4 1.60 (4.48) 

5 0.92 l4Ni,2,3,4 1.42 (3.98) 
6 0.84 I4N1,2,3,4 1.41 (3.95) 

IHqixnyl 0.24 (0.67) 
13Cmero 5.72 (16.02) 

"See Figure 1 for structures. b V  versus Ag/AgCl in CH2C12, -0.1 
M TBAP. CUncertainties in the hyperfine splittings: I4N, f 0.01 G 
(-0.03 MHz); 13C, *0.02 G (-0.06 MHz). Other simulation pa- 
rameters: hyperfine splittings, lHparyl = 0.34 G (0.96 MHz), 
= 2.75 G (7.70 MHz); Gaussian fwhm = 0.49 G (1.37 MHz). 

the structural and electronic properties of the porphyrin moiety. 
In this note, we report EPR and electrochemical data for the 

cation radicals of the six possible structural permutations of a 
porphyrin that contains meso-pentyl and/or meso-p-(methoxy- 
carbony1)phenyl substituents. These species, the structures of 
which are shown in Figure 1, present one example of the diverse 
types of substituted porphyrins that are readily available with our 
new synthetic strategy. In addition, we report the EPR spectrum 
of the ZnTPP-mesd3C4 (TPP = 5,10,15,20-tetraphenylporphynn) 
cation radical and thereby directly probe the spin density a t  the 
meso-carbon atoms of the porphyrin ring. 
Experimental Section 

The details of the synthesis and characterization of the hybrid por- 
phyrins will be reported separately. T P P - m e ~ o - ~ ~ c ~  was prepared from 
pyrrole (Aldrich) and benzaldehyde-a-"C (MSD Isotopes, 99.99% iso- 
topic purity) via the basic synthetic strategy that has been previously 
reported by Lindsey et al.21-22 Zinc was inserted into the porphyrins 
according to standard proced~res.~' The cation radicals of the zinc 
porphyrins were generated electrochemically in a nitrogen-atmosphere 
glovebox (Vacuum Atmospheres). The oxidations were performed in 
standard three-compartment cells with platinum working and counter 
electrodes and a Ag/AgCl reference. Cyclic voltammograms and bulk 
electrolyses were accomplished by using a Princeton Applied Research 
(PAR) Model 175 universal programmer in conjunction with a PAR 
Model 173 potentiostat. In all cases CH2CI2 (Fisher reagent grade, 
distilled from P20, in vacuo) was used as the solvent and tetrabutyl- 
ammonium perchlorate, TBAP (Kodak, recrystallized twice from abso- 
lute ethanol and dried at 11 1 OC in vacuo), was used as the supporting 
electrolyte (-0.1 M). The integrities of the oxidized species were 
monitored by cyclic voltammetry, coulometry, and optical absorption 
spectroscopy. 

X-band EPR spectra were recorded at rwm temperature on an IBM 
Instruments ER300 spectrometer. The concentrations of the samples 
ranged from 0.2 to 0.5 mM. The microwave power and magnetic field 
modulation amplitude were typically 20 mW and 0.7 G, respectively. 

Results and Discussion 
The X-band EPR spectra of the six porphyrin cation radicals 

are shown in Figure 2. The hyperfine splittings for the I4N, 
IH,.pentyl, and IHPary1 nuclei are summarized in Table I. These 
hyperfine splittings were obtained via computer simulation of the 
EPR spectra. The simulated and observed spectra are essentially 
superimposable. The uncertainty in the I4N hyperfine splittings 
listed in Table I is f O . O 1  G (-0.03 MHz). All of the oxidized 
species are ZA2u cations as is evidenced by the relatively large 14N 
hyperfine splittings. The splittings for the four equivalent I4N 
nuclei in the two parent porphyrins 1 and 5 range from 1.66 to 
1.42 G, respectively. The difference in the I4N hyperfine splittings 
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Figure 2. Room-temperature, X-band EPR spectra of the meso-alkyl/ 
arylporphyrin cations 1-5. 

between the meso-tetraalkyl- and meso-tetraarylporphyrin cations 
reflects a difference in spin density of -0.007 at  each nitrogen 
atom.16 For cations of the pentyllp(methoxycarbony1)phenyl 
hybrids, the equivalence of the I4N nuclei is removed and the 
magnitudes of the hyperfine splittings of the various inequivalent 
nitrogen atoms lie between those that are observed for the two 
parent porphyrin cations. The various lHa.pentyl and lHea,.,,l nuclei 
are also inequivalent in the binary hybrids; however, the resulting 
inequivalence in the spin density a t  these positions is negligible 
because the protons are removed by one or more carbon atoms 
from the porphyrin a system. Consequently, the hyperfine 
splittings for the and IHo.aryl nuclei of all of the binary 
hybrids were taken to be the same as those for the two parent 
porphyrins, 2.75 and 0.34 G, respectively. 

Comparison of the I4N hyperfine splittings for the hybrid 
porphyrin cation radicals provides insight into the influence of 
structural asymmetry on the spin density distribution. The 
trans-dialkyldiarylporphyrin 3b contains four magnetically 
equivalent I4N because each lies between two meso-carbon atoms 
that bear different substituents. The I4N hyperfine splitting for 
these equivalent nuclei is 1.60 G. This value is closer to the 
hyperfine splitting for the tetraalkylporphyrin cation 1 than for 
the tetraaryl species 5. This result indicates that the influence 
of the pentyl substituents on the spin density at the pyrrole nitrogen 
atoms outweighs that of the aryl groups. This disparate influence 
on the spin density is also manifested in the I4N hyperfine splittings 
of the two different tri/monosubstituted compounds 2 and 4. Both 
of these hybrids contain two sets of two equivalent 14N nuclei. 
Each hybrid contains one set in which a nitrogen atom is straddled 
by both a meso-pentyl and meso-aryl group. This substitution 
pattern is the same as that experienced by each nitrogen atom 
in 3b. The hyperfine splitting for this type of nitrogen atom in 
2 is the same as that of 3b (1.60 G) whereas this splitting in 4 
is larger (1.64 G). The other equivalent sets of nitrogen atoms 
in 2 and 4 are straddled by meso-carbon atoms that bear identical 
substituents. The 14N hyperfine splittings for the sets that are 
flanked by either pentyl or aryl groups are 1.66 or 1.50 G, re- 
spectively. These values are skewed in the direction of those 
observed for 1. This skewedness is also reflected in the hyperfine 
splittings of the cis-dialkyldiaryl hybrid 3a, which contains all three 
of the types of magnetically distinct I4N nuclei that are found in 
the other hybrids. 
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the spin density on the meso-carbon atoms. The spin density at 
this position is calculated to be considerably greater than at the 
pyrrole nitrogen atoms. To our knowledge, however, 13C hyperfine 
splittings have not been previously reported even for a symme- 
trically substituted porphyrin cation. As a consequence, we ex- 
amined the EPR spectrum of the ZnTPP-meso-13C4 cation radical 
6 .  This EPR spectrum is shown in Figure 3, and the hyperfine 
splittings that were obtained via computer simulation of the 
spectrum are given in Table I. The 13C hyperfine splitting is 5.72 
f 0.02 G (-0.06 MHz). This value can be compared with that 
which is estimated from the modified McConnell relationz4 

a, = 3 0 . 5 ~ ~  - 13.9cp, 

where a, is the hyperfine splitting in gauss and p, and pJ are the 
spin densities at the meso- and a-carbon atoms, respectively. The 
values of pt  and p,, which are calculated with (without) config- 
uration interaction, are 0.193 (0.158) and -0.0094 (0.0066).'* 
These calculated spin densities result in a predicted meso-13C 
hyperfine splitting of 6.15 G (4.64 G), which is in reasonable 
agreement with the experimentally observed splitting. 
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Figure 3. Room temperature, X-band EPR spectrum of the ZnTPP- 
meso-I3C4 cation 6. 

Although the pentyl substituent has a greater influence on the 
spin density distribution than does the aryl group, this disparity 
is not manifested in the half-wave potentials ( E l / 2 )  for the six 
different meso-substituted porphyrins. These potentials are 
summarized in Table I. As can be seen, the ElIz values of 39 and 
3b are equal and approximately midway between those of 1 and 
5. In addition, the replacement of each pentyl group by an aryl 
group results in an approximately linear shift of the El/* to a more 
anodic potential (-60 mV/group). It seems reasonable that this 
disparity in the behavior of the redox potentials versus the 14N 
hyperfine splittings is due to the fact that the Eljz is a property 
of the entire macrocycle whereas the hyperfine splittings reflect 
the electronic properties at specific sites on the ring. 

In view of the asymmetry in the 14N hyperfine splittings of the 
binary hybrid porphyrin cations, it would be of interest to examine 
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