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The key issues concerning the stereochemistry of tetraaryl-
porphyrin w-cation radicals have been addressed in the preceding
communication. In this communication we report the preparation,
crystal structure determination, and magnetic properties of dimeric
[Zn(OEP*)(OH,)]Cl0,.* Although OEP r-cation radicals have
been known for some time,* there are no reported crystal structures
for this class; all previously reported structures have utilized
meso-substituted tetraaryl derivatives. However, the OEP de-
rivatives represent an interesting class of ligands in which the
peripheral groups are decidedly nonbulky and thus will provide
minimum impedance toward the formation of dimers or extended
aggregates in the solid state. The importance of this molecular
feature is emphatically seen in the structure of [Zn(OEP*)-
(OH,)],(Cl0O,), which forms an extremely tight 7—= dimer with
several novel features.

[Zn(OEP*)(OCl0;)] was prepared by chemical oxidation of
Zn(OEP) with thianthrenium perchlorate. Crystallization from
dichloromethane /hexane apparently yields an anhydrous complex,
while crystallization from 1,2-dichloroethane/hexane yields an
aquated dimeric species, [Zn(OEP*)(OH,)],(C10,),.%¢ The IR
spectra (KBr) of these materials are similar to that reported’ for
[Zn(OEP*)Br] but differs from that reported® for [FeCl-
(OEP*)]SbClg. The strong m-cation radical marker band® of the
latter appears only as two weak bands at 1530 and 1555 cm™ in
[Zn(OEP*)(OH,)],(ClO,),. A number of other bands in [Zn-
(OEP*)(OH,)],(ClO,), also appear to be doublets. An infrared
trace (KBr pellet) is given in the Supplementary Material.

The molecular structure of the monomeric unit, [Zn-
(OEP*)(OH,)]ClO,, is shown in Figure 1. The molecule has a
crystallographically imposed 2-fold axis along the Zn—OH, axis.
Although the imposed symmetry of the molecule does not lead
to any conditions on the planarity of the porphinato core, the
molecule is essentially planar with the largest deviation of any
atom from the mean plane of the 24-atom core equal to 0.05 A.
The Zn-N, bond distances average to 2.051 (3) A, and the axial
Zn-0 bond distance is 2.141 (3) A. Although the axial distance
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Figure 1. ORTEP drawing of an individual unit of [Zn(OEP*)(OH,)],-
(Cl0,), as it exists in the crystal. The Zn, water O, and perchlorate Cl
are located on the crystallographic 2-fold axis.

Figure 2. ORTEP drawing illustrating the cofacial dimer found in crystals
of [Zn(OEP*)(OH,)],(Cl0O,),. The view is down a 2-fold axis of sym-
metry. Average C,~N bond distances are 1.342 (5) or 1.384 (5) A and
average C,~C,, distances are 1.372 (3) or 1.416 (2) A. The short bonds
of each type are shown as broken lines; the long bonds are given as full
bonds. The peripheral ethyl groups have been omitted for the sake of
clarity.

Figure 3. Edge-on view of the cofacial dimer illustrating the essential
planarity of the two rings within the dimer.
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is a normal distance for five-coordinate zinc species'® with a neutral
porphyrin ligand, the Zn—N,, distances are significantly shorter.
Moreover, the displacement of the zinc(II) atom from the mean
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plane of the porphinato core is 0.24 A, a value smaller than that
typically observed in five-coordinate zinc porphyrinates.!® This
smaller zinc displacement is probably the result of the interaction
of one monomeric unit with its cofacial partner (see below). As
noted previously, the effect of w-complexation!! or 7—= dimer
formation!? on the metal atom position with respect to the por-
phyrin plane is somewhat equivalent to that of a weakly interacting
sixth ligand. The effect of [Zn(OEP*)(OH,)],(ClQ,), is relatively
large and is the presumed consequence of the extremely strong
dimerization. It is presumably the effects of dimer formation that
also lead to the relatively short Zn-N, bonds that are close to the
2.037-A value found for four-coordinate Zn porphyrinates!3 rather
than the 2.067 A found'® for the five-coordinate Zn(P)L com-
plexes.

In the solid state, [Zn(OEP*)(OH,)],(ClO,), is a cofacial #—=
dimer with several significant and novel features. First, the two
porphyrin rings in the dimer interact in an exceptionally strong
manner with an interplanar separation between the two porphyrin
planes of 3.31 A. Perhaps not surpisingly, the crystalline material
is diamagnetic.!® Second, the absence of any lateral shift between
the two cofacial porphyrin rings is unprecedented.’® Previously
characterized, extremely tight m—r dimeric interactions between
two rings exhibit lateral shifts of about 1.5 A or larger.!¢ The
absence of ring slip is illustrated in Figure 2 which shows a view
down the crystallographic 2-fold axis of one unit and clearly shows
the overall high symmetry of the dimer. The dimer has crys-
tallographically required D,-222 symmetry but additionally
conforms to the higher idealized symmetry of D,;. Third, despite
the strong interaction between rings, the rings are essentially planar
as seen in Figure 3. Fourth, the pattern of bond distances in the
inner 16-membered ring of the porphyrin core are inconsistent
with a completely delocalized system. Rather, there are two
unusually distinct sets of C,-~N and C,-C,, bond distances.!”
Within each class, the two kinds of bond lengths differ by about
0.04 A. The position of the sets of short bonds in the dimer are
indicated in Figure 2 by the broken bonds. It is clearly seen that
all short bonds are within overlapped pyrrole rings. This apparent
localization of bonding!® is presumably due to the effects of di-
merization whose tightness and spin coupling suggests a new kind
of interaction, best described as a new type of nonclassical bond.
Indeed, the large enthalpy of dimerization (~17 kcal/mol), sig-
nificant spectral changes upon dimerization,* and complete loss
of paramagnetism from the radical are consistent with the notion
of forming a new compound. Interestingly, it can be noted that
similar spectral changes have been seen upon dimerization (in
solution) of the [Mg(OEP*)]* radical cation.®»'?

The question of whether this unprecedented departure from
complete delocalization in porphyrin derivatives is a general feature
of tightly bonded w-cation dimers is under active investigation.
In any event, these bond length changes present an interesting
and challenging theoretical problem. We can note that the al-
ternating bond distances do not result simply from bringing two
porphyrin rings extremely close together. A similar inter-ring
separation and ring orientation is found in the [Ru(OEP)], dimer®
held together by the short Ru=Ru double bond, but no bond

(11) Williamson, M. M,; Hill, C. L. Inorg. Chem. 1987, 26, 4155.

(12) Song, H.; Rath, N. P.; Reed, C. A.; Scheidt, W. R. Inorg. Chem.
1989, 28, 1839.

(13) Scheidt, W. R,; Kastner, M. E.; Hatano, K. Inorg. Chem. 1978, 17,
706. Scheidt, W. R.; Mondal, J. U.; Eigenbrot, C. W.; Adler, A.; Radonovich,
L. J; Hoard, J. L. Inorg. Chem. 1986, 25, 795.

(14) The raw magnetic susceptibility data are given in the Supplementary
Material and show the presence of less than 1% paramagnetic impurity.

(15) However, such a cofacial structure was one of two possible structures
suggested by Fuhrhop et al.,* and the one they considered most probable.

(16) Scheidt, W. R.; Lee, Y. J. Struct. Bonding (Berlin) 1987, 64, 1.

(17) A complete listing of individual bond distances and angles in the
[Zn(OEP*)(OH,))ClO, molecule are available as Supplementary Material.

(18) This localization may be reflected in the doubling of peaks in the IR
spectrum. (See spectrum in Supplementary Material.)

(19) Dolphin, D.; Muljiani, Z.; Rousseau, K.; Borg, D. C.; Fajer, J.; Felton,
R. H. Ann. N.Y. Acad. Sci. 1973, 206, 177.

(20) Collman, J. P.; Barnes, C. E.; Sweptson, P. N.; Ibers, J. A. J. Am.
Chem. Soc. 1984, 106, 3500,

0002-7863/89/1511-6868%801.50/0

length alternation in the core is observed.
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Bond heterolysis of a gaseous ion to form an ion—molecule
complex (exemplified by the species in brackets shown in reaction
1) has been described as a gas-phase analogue of solvolysis.!

LR L4 .
R—QPh — [R’ I0Ph) — PhOH = + alkenes (1

Conversion of a covalent bond in the precursor ion to an elec-
trostatic bond in the complex is often accompanied by rear-
rangement of the cation moiety R*, as revealed by the structures
of the recovered alkenes. This communication reports the mi-
gratory aptitude of a fluorine relative to a methyl in the Wag-
ner—Meerwein rearrangement schematically depicted in reaction
2. We have measured this using the electron bombardment flow
(EBFlow) technique? to collect neutral products of reaction 1
where ROPh is 2-fluoro-2-methyl-1-phenoxypropane. Our results
provide evidence for intramolecular fluorine transfer via a bridged
fluoronium ion.

Experimental evidence for bridged fluoronium ions is sur-
prisingly scant. Unlike the corresponding chloronium and bro-
monium ions,’ whose stability in both gas phase and solution are
well attested, neither fluoriranium (three-member ring) nor any
larger cyclic ions have been unambiguously shown to exist (not
even as transition states). In 1983 Ciommer and Schwarz reported
experimental results consistent with the intermediacy of the sim-
plest symmetrical case, ion 1, in the gas phase.* Their isotopic
scrambling data, though, could be equally well explained in terms
of structure 2, an ion—molecule complex between a symmetrically
bridged vinyl cation (the most stable C,H;* geometry®) and hy-
drogen fluoride. Since ion—molecule complexes between vinylic
cations and hydrogen fluoride correspond to local minima on SCF
potential energy surfaces,® such an option cannot be dismissed
out of hand.
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