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Structural Consequences of Porphyrin Tautomerization.
Molecular Structure of a Zinc Isoporphyrin
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Isoporphyrins (1), tautomers of porphyrins with a saturated
meso carbon, were originally postulated by Woodward.? Insertion
of a divalent metal into 1 should yield a cation, and, indeed, the
first metalloisoporphyrin was reported by Dolphin et al.,* who
prepared zinc 5’-methoxy-5,10,15,20-tetraphenylisoporphyrin
perchlorate by nucleophilic attack of methanol on the oxidized
dication of zinc tetraphenylporphyrin. Since then, isoporphyrins,
particularly tetraaryl derivatives, have been synthesized chem-
ically, electrochemically, and photochemically.*” The impetus
for the studies arises from the occurrence of isoporphyrins in
reactions of oxidized porphyrins with nucleophiles, as byproducts
of heme oxidations, and as putative intermediates in the
biosynthesis of chlorophylls.?-’
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Although tetraaryl metalloisoporphyrins are readily synthe-
sized, their chemistry is complicated by their tendency to revert
to porphyrins.>4¢ The recently synthesized® zinc isoporphyrin 2
prevents the back tautomerization and should allow a fuller
characterization of the chemical and electronic properties of
isoporphyrins. During such studies, 2 was crystallized as the
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aquo perchlorate salt.” We report here the first crystallographic
determination of an isoporphyrin which details the significant
structural consequences of the porphyrin tautomerization.

The molecular structure of 2 is presented in Figure 1. The
perchlorate counterion and the two methyl groups C21 and C22
at C5 confirm the cationic nature and the tetrahedral meso carbon
features characteristic of a metalloisoporphyrin. As shown in
Figure 2, the molecule exhibits near-mirror symmetry of bond
distances along the C5~C15 axis. Most notable are the length-
ening of C4-CS5 and C5-C6 to canonical single bonds with average
distances of 1.514(9) A,1° consonant with a tetrahedral carbon,
and, moving away from C5, the alternation of short and long
bonds along the inner = network comprised of the Ca, N, and
meso atoms. This pattern breaks down only at C15, where C14-
C15 and C15-C16 are equivalent, 1.385(9) and 1.384(9) A, but
intermediate in length from the equivalent pairs of Ca-Cm
distances at C10 and C20, which average 1.423(9) and 1.354(9)
A. Thetwodifferent N-Ca bondsinrings Iand I1average 1.327-
(8) and 1.412(8) A, values distinctly different from those observed
in rings III and IV, 1.385(8) and 1.356(8) A, or the average
values of 1.366(6) A found in Zn octaethylporphyrins.}!! Also
affected are the C3-C4 and C6-C7 distances in rings I and II,
whose average value of 1.472(9) A is longer than typical Ca—C8
bonds in Zn porphyrins, 1.451(9) A,!! or the other Ca—C8 bonds
in2. Theoverall pattern of bond distances is thus most consistent
with the resonance patterns shown below, in which the resonance
forms of rings III and IV are interchangeable, while the rest of
the resonance path is locked in a single configuration.
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The isoporphyrin also displays distinctive bond angles when
compared to porphyrins. The most obvious difference occurs at
C5,wherethe C4C5C6 angle shrinksto 118.7(5)°, to be compared
withtheother three CaCmCa angles of 128.6(6)° or with average
angles of 127.9(5)° in two ZnOEP complexes.!! As well, the
CBCaCm angles at C5 diminish to 122.7(6)°, in contrast to the
other six angles, which are broader by 3° and agree well with
literature porphyrin values.!' The ZnNCa angles fali into three
classes. Those in rings III and IV average 126.9(4)°, whereas,
inrings I and II, those adjacent to C5 expand to 128.7(5)°, while
those neighboring C10 and C20 contract to 124.2(4)°. Typical
ZnNCavaluesin Zn porphyrins!! range from 126.3(2)° to 126.7-
(3)°. The CaC5C21 and CaC5C22 angles with the methyl
substituents are nearly tetrahedral and average 106.5(6)°.
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Figure 1. Molecular structure of 2. The molecule crystallizes with a
water (O5) bound to the Zn, and a perchlorate counterion hydrogen-
bonded to the water along O5-O4. The thermal ellipsoids enclose 30%
probability.
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Figure 2. Bond distances in 2. Esds are 0.009 A for a typical C-C bond
and 0.005 A for the Zn-N bonds.

The Zn isoporphyrin cation is pentacoordinated with an
adventitious water whose oxygen, OS5, isbound tothe Znat 2.117-
(5) A. One oxygen (O4) of the well-ordered perchlorate
counterion lies 2.79 A from the water oxygen, clearly indicative
of a hydrogen bond. The Zn atom is displaced 0.31 A from the
plane of the four nitrogens and 0.34 A from the average plane
of the macrocycle. There is some asymmetry in the Zn-N
distances which marginally distinguishes the bonding to rings I
and II from that to rings III and IV. The average Zn-N1 and
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Zn-N2 distances are 2.083(5) A, the Zn-N3 and Zn-N4 2.066-
(5) A. All these values are comparable to those found in
pentacoordinated Zn porphyrins.!! The macrocycle itself is
slightly ruffled, with the meso carbons moved above and below
the macrocycle plane by 0.24, —0.18, 0.15, and -0.11 A at C5,
C10, C15, and C20, respectively, and the pyrrole rings are also
slightly twisted above and below the plane, with maximum
displacements ranging from 0.15 A at C7 to —-0.17 A at C2.
(Illustrations of the deviations from planarity'? and of the crystal
packing!? are included in the supplementary material.)
Theinterrupted 7 system of 2, evident from the crystallographic
data, also profoundly affects its electronic properties. In
butyronitrile, 2 undergoes three reversible redox changes at —0.61,
—0.29, and 1.09 V (versus SCE). The difference between the
oxidation and first reduction potentials, which reflects the energy
difference between the HOMO and LUMO,# is 1.38 V, a gap
considerably smaller than those reported for Zn porphyrins, ~2.2
V.14 As well, the first optical transitions of 2 in butyronitrile
occur at 798 nm (1.55 eV) with a pronounced shoulder at 725
nm,'* to be compared with transitions in the 530-610-nm (2.34-
2.03eV) region of Zn porphyrins.!6 Molecular orbital calculations
(INDO/S!7), based on the coordinates reported here, predict
optical transitions at 844 and 769 nm, in reasonably good
agreement (within 6%) with the experimental values.
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