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In recent years, a number of porphyrin analogs,1 including 
compounds such as the isoporphyrins,2 heteroporphyrins,3 ex
panded porphyrins,4 vinylogous porphyrins,5 etc., have been 
synthesized. However, few examples are known that can be called 
true "isomers" of porphyrin.6 One possible isomer could be a 
tetrapyrrole macrocycle, in which one pyrrole ring is linked 
through its a-0' axis instead of via a more normal a-a! linkage.7 

In this communication, we report the synthesis and the structural 
characterization of a phenyl-substituted derivativeof a porphyrin 
isomer, 1. To the best our knowledge, this new compound, to 
which we have assigned the trivial name "N-confused porphyrin; 
NC-P", is the first example of an isomeric porphyrin-like system 
in which the "starting" four methine bridges are still present.8 

The new compound, "N-confused tetraphenylporphyrin" (NC-
TPP, 1) was obtained using a modification of the well-known 
synthesis of TPP that involves the acid-catalyzed condensation 

i between benzaldehyde and pyrrole.9 However, in place of 
propionic acid, t- BuOH/CH2Cl2 (1:1) and concentrated HBr(I 
equiv) were used.10 More specifically, after addition of pyrrole 
and benzaldehyde to such a solvent mixture, and stirring for 2 
days at room temperature in the dark, oxidation with 2 equiv of 
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Figure 1. Molecular structure of NC-TPP (1). Hydrogen atoms at the 
phenyl rings have been removed for clarity. Thermal ellipsoids have been 
drawn at the 50% probability level. 

chloranil and standard workup gave a reaction mixture that could 
be purified by column chromatography on silica gel (eluent: 3% 
MeOH in CH2Cl2), followed by recrystallization from MeOH/ 
CH2Cl2 to give 1 as a purple solid in yields of 5-7%. TPP was 
also obtained as the major product (~20% yields). 

The spectroscopic data obtained were consistent with the 
formulation of 1 as an isomer of TPP." For example, the 1H 
NMR spectrum of 1 revealed characteristic high-field shifts for 
the inner NH's and /3-H of "confused pyrrole" (at-2.5 and-5.1 
ppm, respectively), presumably as the result of the aromatic ring 
current. This latter /3-H signal did not exchange rapidly upon 
the addition of D2O, and it showed a cross peak with the pyrrole 
carbon at 99.2 ppm in the 13C-1H COSY spectrum. In addition, 
the "outside pointing" a-H in this same pyrrole appeared as a 
singlet at 8.68 ppm. 

More direct evidence for the structural assignment came from 
asingle-crystalX-raydiffractionanalysis12(Figure 1). Incontrast 
to TPP,13 the structure obtained revealed that the molecule 
deviates from planarity. Among the four pyrrole rings in 1, the 
"confused ring" is the most highly canted from the reference 
N1-N2-N3 plane by 26.9°. The two adjacent pyrrole rings and 
that opposite to the "confused" one are tilted by 13.4°, 7.8°, and 
5.8°, respectively.14 Such ring distortions appear to result from 
the mutual repulsion of the three inner hydrogens (/3-CH, NiH, 
and N3H), which in the absence of canting would necessarily be 
forced to reside in the same van der Waals sphere. 

The Soret- and Q-type transitions of NC-TPP in CH2Cl2 were 
broadened and shifted to longer wavelengths (Xmax = 438 and 
725 nm, respectively) as compared to those of TPP (419 and 647 
nm) (Figure 2). These spectral red shifts and broadenings were 
also apparent when the compound was protonated. For instance, 
by adding excess (~1000 equiv) trifluoroacetic acid (TFA) to 
the solution, the monoprotonated (\mix = 451 and 800 nm) and 
diprotonated forms (Amax = 465 and 825 nm) of 1 could be prepared 
in turn. Since the corresponding shifts observed upon protonation 
of TPP to form [H2TPP]2+ are only on the order of 20-30 nm, 
the observed large spectral changes in the case of 1 are thought 
to be a reflection of the severe distortion from planarity.15 

Changes due to protonation were also observed in the 1H NMR 
spectrum. For instance, by increasing the amount of TFA present 
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Figure 2. Absorption spectra recorded in CH2Cl2 for the various forms 
of NC-TPP (1): (—) free base; (- - -) monoprotonated 1-(TFA),; ( ) 
diprotonated 1-(TFA)2. 

in a CDCl3 solution of 1, the inner /3-H signal could be induced 
to shift from-5.1 to-1.4ppm. Similarly, the initial broad signal 
at -2.5 ppm assigned to the inner NH could be transformed into 
three discrete peaks of ca. 1.3,2.1, and 2.5 ppm. Finally, a signal 
at 11.3 ppm, assigned to an N4H resonance, was observed at high 
TFA concentrations. 

On the basis of the above spectroscopic studies, the protonation 
process is thought to be occurring in a stepwise manner. This, 
in turn, is considered to reflect the different geometries of the two 
imine-type nitrogens: protonation takes place, presumably, first 
at the inner N2 and then, only subsequently, at the peripheral N4 
site.16 In any case, the distortions from planarity that would 

(16) Actually, separate pK, values (pK} = 3.27 and pKt = 8.35) were 
obtained for 1 in aqueous 2.5% sodium dodecyl sulfate solution. See: Caughey, 
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result from double protonation lead us to predict that the loss in 
resonance stabilization should be substantial for the protonated 
forms of 1. 

At present, it is not clear why isomer 1 is formed under the 
present TPP-like condensation conditions. However, we consider 
it likely that the anions play a crucial templating role. Consistent 
with this supposition, we find, for instance, that NC-TPP was 
obtained in the presence of Br or Ch but not F", TFA", NO3

-, 
and/or H2PO4

-. Thus, we postulate that if the various putative 
linear tetrapyrrole intermediates, known precursors to TPP,17 

could wrap around the spherical halide anions and if such 
"wrapping around" served to destabilize the transition geometry 
required to cyclize on to TPP, an alternative linking route, namely, 
the one required to obtain a precursor to 1, could become partially 
favored. Such "anion template effects" are rare but are known 
in the literature.18 In any case, since the present isomer of TPP 
and some of its derivatives are stable and easily prepared, we are 
tempted to predict that the "N-confused porphyrins" could serve 
as interesting porphyrin "substitutes" in the study of such normal 
porphyrin applications as metal ligation and photosensitization. 
In addition, the flexible structure and the strong basicity16 of 1 
could make it useful for various anion binding applications.19 
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information. 
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