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Coordination of oxovanadium(V) in an expanded porphyrin macrocyclet
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The formation of a dioxovanadium(Vv) complex of an expanded
porphyrin-type Schiff base macrocycle is reported; the tetra-
pyrrolic ligand undergoes a tautomeric shift which permits a
bimodal recognition of the nonspherical cationic guest.

The manifold role of vanadium in biology and physiology'~
continues to fuel the interest in its coordination chemistry. In fact,
numerous high-valent vanadium compounds have been studied for
their promising insulin-mimetic effects, anticancer activity and
antiviral properties.> ® Among these are vanadium(1v) porphyrins,
which are currently being studied for their anti-HIV properties.’
Vanadium porphyrins have also attracted attention as so-called
petroporphyrins (i.e., metalloporphyrins found in fossil fuels),® and
because they may be used potentially to access and study a range
of different metal-centered oxidation states. These rather disparate
interests are providing an incentive to make and study new
vanadium complexes of porphyrins and porphyrin analogues.

Core-expanded porphyrin analogues’ are an especially promis-
ing class of receptors for coordination chemistry studies. These
synthetic oligopyrrolic macrocycles provide a wealth of different
ligand geometries, cavity sizes, and functionalities that allow for
the stabilization of metal complexes not normally accessible by
porphyrins. To date, a range of different expanded porphyrin
metal complexes have been described. However, to the best of our
knowledge, the coordination of vanadium in this type of
macrocycle has not hitherto been reported.i Indeed, the
coordination chemistry of early transition metals in expanded
porphyrins is all but unexplored. In this communication we
describe  the preparation and characterization of an
oxovanadium(V) complex of the Schiff base tetrapyrrolic macro-
cycle 1 and detail the role of an enamine-imine tautomerism of the
ligand in the course of the key metalation reaction. We also
provide solid state evidence for an unusual type of bimodal
complexation, wherein the oxo cation is stabilized in part via
hydrogen bonds to the expanded porphyrin receptor.

In previous work, macrocycle 1, a 22 n-electron non-aromatic
expanded porphyrin, was found to form complexes with the high-
valent actinide oxocations UO,>", NpO,* and PuO,".!> We thus
sought to investigate the coordination of lighter, first row
transition metal congeners of these heavy metal oxocations.

Since the first synthesis was reported in 1996,!' several
analogues of macrocycle 1 have been prepared.'®'* The substitu-
tion pattern on the periphery of the macrocycle has been varied
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1 Electronic supplementary information (ESI) available: Synthetic details,
X-ray structural data for 2. See DOI: 10.1039/b608143f

(on the pyrrolic rings, as well as on the phenyl ring and on the
meso bridge), but all the reported synthetic strategies require
the preparation of a diformylated tetrapyrrolic subunit prior to the
cyclization with an ortho-phenylenediamine. We have now found a
new efficient synthesis of this expanded porphyrin-type Schiff base
macrocycle. It proceeds through a one-pot condensation/decar-
boxylation reaction and relies on the use of diformylbipyrrole as
the only pyrrolic precursor (Scheme 1).

The new synthesis of 1 relies on the reaction of diformylbi-
pyrrole with 1,2-phenylenediamine. Similar condensations, carried
out in the presence of catalytic HNO;, have been used in our
laboratories for the preparation of a tetrapyrrolic octa-aza [2 + 2]
Schiff base macrocycle.'*> However, we have now found that the
use of a 2 1 diformylbipyrrole 1,2-phenylenediamine
stoichiometry, along with slightly modified reaction conditions,
directs the transformation towards the formation of the desired
macrocycle 1 in 59% yield (see the Supporting Information for
experimental details).§

A vanadium complex of expanded porphyrin 1 was obtained by
treating the free base macrocycle with VO(acac), in THF at room
temperature under aerobic conditions (yield: 61%). As shown in
Fig. 1, the reaction was accompanied by a dramatic color change,
meaning the conversion of the purple starting material 1 into the
green vanadium complex 2 could be conveniently monitored by
observing the changes in the UV-visible spectrum of the reaction
mixture. After two days, the reaction was judged complete and the
product was purified by preparative thin layer chromatography
using alumina plates.q

Alternatively, complex 2 could be prepared using the V(V)
reagent VO(O-iPr); under an argon atmosphere, but otherwise
using the same purification procedure. However, when the initial
metalation procedure, involving the use of VO(acac),, was
attempted under an inert atmosphere, no spectral evidence
supporting the formation of a vanadium complex was observed.
While trace quantities of product 2 were seen after a reaction time
of four or five days, their formation was attributed to the presence
of adventitious oxygen in the reaction vessel. In fact, while
macrocycle 1 proved capable of stabilizing a dioxovanadium(V)
complex, evidence for the formation of a vanadium(Iv) complex
could not be obtained.
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Fig. 1 UV-visible absorption spectra of macrocycle 1 (dashed line) and
of the dioxovanadium(Vv) complex 2 (solid line) in CH,Cl, at room
temperature.

The insertion of the dioxovanadium(V) cation was first inferred
through electrospray ionization mass spectrometry. As often
observed for metalation reactions using VO(acac), under aerobic
conditions,"* the resulting complex features a vanadium center in
its highest oxidation state. However, with six nitrogen donors
available for coordination, no inferences could be drawn regarding
the geometry of the VO," cation in complex 2.

An unambiguous description of the vanadium coordination
geometry within the macrocycle cavity was obtained through
X-ray diffraction analysis. Suitable single crystals grew as very
dark lathes from a concentrated solution of 2 in CH,Cl, and
CH;0H at —20 °C.|| A top view of the refined crystal structure is
shown in Fig. 2. The monovalent VO," cation, in the expected
cisoidal conformation, coordinates to three pyrrolic nitrogen
atoms acting as a tridentate monoanionic ligand. The vanadium
center lies in a highly distorted trigonal bipyramidal environment
with a geometric parameter t of 0.57 (where t values of 0 and 1
indicate an ideal square pyramid and an ideal trigonal bipyramid,

Fig. 2 View of the dioxovanadium complex 2 showing a partial atom
labeling scheme. Displacement ellipsoids are scaled to the 50% probability
level. Most hydrogen atoms have been removed for clarity. A primary
carbon on one of the ethyl groups is disordered about two orientations as
shown.

respectively).”>  The vanadium-oxygen distances (V1-Ol,
1.618(3) A and V1-02, 1.635(3) A), as well as the angle between
the two oxo ligands (O1-V1-0O2, 108.96(15)°), closely resemble
those observed in other complexes of the VO," cation with a
tridentate ligand.®'*!® Similarly, the vanadium-nitrogen bond
distances, averaging at 2.098 A, compare well with those reported
in the literature %'

The structure of complex 2 can also be compared to those of
vanadyl porphyrins, in which the N-V bond lengths typically
range between 2.012 and 2.236 A.!"” However, it is important to
appreciate that ligand 1 differs dramatically from porphyrin in that
it supports the formation of a VO,* complex, rather than a VO**
complex, as always found in high oxidation state vanadium
porphyrins.

Complex 2 also differs from porphyrins in that the ligand does
not fully complex the bound cation. In fact, three of the six
nitrogen atoms of the macrocycle do not participate in the metal
coordination. The pyrrolic nitrogen N5 is engaged in a hydrogen
bonding interaction with one of the oxo ligands (N5H:---O2).
Interestingly, the two remaining nitrogen atoms, bound to the
phenyl ring, were found to be chemically different. A hydrogen
atom bound to nitrogen N3 was located in a difference Fourier
map. This hydrogen is involved in a second hydrogen bonding
interaction with oxo ligand O2 (N3H---02). Thus, while nitrogen
N4 is iminic (N4-C16, 1.293(5) A and C16-Cl17, 1.434(6) A),
nitrogen N3 was found to be part of an unusual enamine on the
macrocycle skeleton (N3-C9, 1.330(5) A and C9-C8, 1.385(6) A).

In fact, the formation of the enamine tautomer 1’ (Scheme 2)
alters the conjugation pathway of the macrocycle, thus allowing it
to act as a monoanionic tridentate ligand for the vanadium center
in complex 2. An ancillary effect of this rearrangement and metal
coordination process is to engage one of the two oxo cation
oxygen atoms in two hydrogen bonding interactions. As such,
complex 2 represents a new contribution to the area of
nonspherical guest recognition, namely one that features a bimodal
binding between a metal oxocation and a single molecular receptor
in which complexation of the nonspherical guest VO," is achieved
through both covalent bonds and intramolecular hydrogen-
bonding interactions.'®!°

The room-temperature 'H NMR spectrum of complex 2
provides support for the notion that the solid state structure
shown in Fig. 2 is retained in solution. As a result of the loss of
symmetry in complex 2 compared to the free base macrocycle 1,
the protons on the four pyrrolic methyl groups resonate as four
different singlets in the aliphatic region. Additionally, nine different
protons were found to resonate down-field between 7.5 and
11.5 ppm. Resonances in this region include: (a) a group of peaks
in the 7.6-8.3 ppm range for the four expected aromatic protons
and the proton on the meso bridge, (b) two doublets for the
enaminic protons (a sharp CH peak at dy 8.81 ppm and a broad
NH peak at 9.80 ppm), and (c) two singlets accounting for one
iminic proton (dy 9.61 ppm) and one pyrrolic NH (6y 11.43 ppm).

In summary, we have developed a new synthesis for the Schiff
base tetrapyrrolic macrocycle 1 and we have used this ligand to
prepare an unprecedented dioxovanadium(V) expanded porphyrin
complex. The elucidation of the VO," coordination mode leads to
the conclusion that the macrocycle undergoes an imine-enamine
tautomerism so as to maximize the number of interactions
(both covalent and non-covalent) towards the singly charged
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nonspherical cationic guest. While this specific rearrangement is
new in our experience, previous studies of Schiff base oligopyrrole
macrocycles have provided several examples where differing cation
coordination gerometries and structures are stabilized as the result
of what appear to be ostensibly small changes in the charge and
size of the metal cation, the protonation state of the metal-free
macrocycle, and the nature of the counterions. Thus, the present
work, which adds the presence of possible tautomeric equilibria to
this list of factors, serves to highlight further the remarkable
versatility of this class of ligands.”

This work was supported by the DOE (grant DE-FG02-01ER-
15186 to J.L.S.).
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