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To date, the study of linear oligopyrroles, systems containing
several pyrrolic moieties linked by methylene or methene
fragments, has been largely focused on the chemistry of naturally
occurring bile pigments.1 These pigments, which contain four
pyrrolic fragments arranged in a linear fashion, have so far been
used to stabilize complexes of Fe(II), Co(II), Mn(II), and
Cu(II).2 Bilirubin and related materials are thus emerging as
biogenic ligands of considerable interest. However, the very
success of these tetrapyrrolic chelands serves to raise an obvious
question as to whether linear polypyrrolic systems containing
a greater or lesser number of pyrroles might not also be
employable as metal-complexing agents. In this communication
we describe the synthesis of a Cu(II) complex (2) derived from
an oxidized tripyrrane ligand.
Tripyrranes (e.g.,1)3 are one of the better studied oligo-

pyrroles. They have been used extensively as building blocks
in the synthesis of porphyrins4 and expanded porphyrins,5

including sapphyrin,6 pentaphyrin,7 hexaphyrin,8 and texa-
phyrin.9 When incorporated into the latter macrocycles, the
tripyrranes and their 4-electron-oxidized congeners, the tri-
pyrrodimethenes, display a rich metal-binding chemistry. How-
ever, it remains an open question at present whether these non-
natural “bile pigment analogues” can themselves act as ligands
absent any kind of macrocyclic effect. It is known, however
that dipyrromethenes can function in this regard.10

To test the above possibility we sought to prepare a
representative tripyrrane-metal complex. After considerable
experimentation, we found that exposure of the dibenzyl

tripyrrane ester1 to copper(II) acetate hydrate under oxidizing
conditions (acetonitrile, trace triethylamine, reflux) leads to an
apparent reaction (Scheme 1). Subjecting the resulting product-
(s) to successive column chromatographic purifications (silica
gel, dichloromethane/1% methanol eluent) was found to give
rise to only one blue-green fraction. After removal of solvent,
this fraction gave a green solid that proved paramagnetic as
judged by NMR spectroscopy. Mass spectrometric analysis of
this product revealed a M+ peak that was 14 mass units heavier
than expected for a copper(II) tripyrrodimethene complex. This
led us to consider the possibility that water or some other simple
fragment was incorporated into the tripyrrane fragment during
the course of metal complexation. However, these data did not
tell us how or where this putative fragment was “inserted”.
Fortunately, the above complex proved stable as a dichlo-

romethane solution when either stored at room temperature in
the presence of air for several months or exposed briefly to
aqueous solutions of pH 2-14.11 It thus proved possible to
crystallize it from chloroform/pentane. This, in turn, made it
possible to resolve the “mystery”Via X-ray diffraction analysis.
The X-ray crystal structure of the tripyrrane-Cu(II) complex

(2) is shown in Figure 1.12 It reveals that, in the course of metal
chelation, the tripyrrane ligand is oxidized at one of the two
bridging methylene positions to form a bridging methene and
at the other to form an exocyclic keto group. This surprising
oxidation process converts the starting tripyrrane into a species
with two acidic protons. It thus generates a ligand that is able
to coordinate Cu(II) in the form of an overall neutral complex.
As revealed by the X-ray structure, the coordination environ-

ment of the Cu(II) center in2 is a distorted square plane. The
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Figure 1. View of complex2, C42H45N3O7Cu‚0.5 CHCl3, showing
the atom-labeling scheme. Thermal ellipsoids are scaled to the 30%
probability level. Hydrogen atoms have been omitted for clarity.
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copper atom is bound covalently to N1 and N3 at bond lengths
of 1.878(5) and 1.909(5) Å, respectively, while N2 (Cu-N2
1.938(6) Å) and O2 (Cu-O2 2.156(5) Å) of theR-ester
functionality are used to fill the coordination sphere of the
copper atom. The angles involving N1, N2, N3, and Cu (N1-
Cu-N3 173.8(2)°, N1-Cu-N2 90.3(2)°, N2-Cu-N3
94.2(2)°) resemble, with only small deviations, those expected
for a square planar complex.13 The angles involving O2, Cu,
and N1-N3 (N1-Cu-O2 79.4(2)°, N2-Cu-O2 157.4(2)°,
N3-Cu-O2 97.8(2)°), on the other hand, are distorted sub-
stantially from those expected for a metal bound in an idealized
square planar ligand environment. This deviation is presumably
a reflection of the steric requirements of theR-ester; this group
must be bent into the main chelation plane in order to interact
with the copper atom.
To explore whether such tripyrrane species can also act as

ligands for other metal cations, two additional metal complexes
were prepared. This was done by first demetalating the copper
complex2with concentrated HCl and then treating the reaction
mixture with either cobalt acetate or zinc acetate. The resulting
complexes (3 and 4) were purified by chromatography and
characterized by mass spectrometry and UV/vis spectroscopy.
Figure 2 shows an overlay of the UV/vis spectra of the

cobalt-, copper-, and zinc-tripyrrane complexes2, 3, and4.
Both the cobalt- and zinc-oxotripyrromethene complexes
display similar spectra, with the major difference being the
higher extinction coefficients of the cobalt(II) species. The
copper(II) complex, on the other hand, displays a markedly
different spectrum. It shows a greater molar absorptivity and a
stronger Q-type band. This latter is red-shifted (to about 608

nm) as compared to the corresponding bands of the cobalt and
zinc complexes (λmax≈ 540 nm).
The electrochemical properties of the copper(II) complex2

were probed using cyclic voltammetry.14 When the complex
is scanned between+400 and-1000 mV, a reversible Cu(II)/
Cu(I) wave (E1/2 ) 480 mV vs Ag/AgCl) is observed (Sup-
porting Information). On the other hand, when the cyclovol-
tammogram is recorded between+2 and -2 V, a second
reduction wave is observed (Supporting Information) that is
tentatively assigned to a ligand-centered reduction process.
Under these scanning conditions, the Cu(II)/Cu(I) couple
becomes irreversible. This leads us to propose that once the
ligand is reduced, some irreversible, presumably dissociative,
process takes place such that the copper(I) cannot be oxidized
back to copper(II).
The EPR spectrum of the copper(II)-tripyrrane complex2

at 115 K was also recorded (Supporting Information).15 From
these measurements, anA| value of about 150 G was determined
for complex 2. While the observed signals are very broad
(making an exact determination ofA| difficult at this temper-
ature), the fact that theA| value for2 is on the low side of what
is generally seen for normal Cu(II) complexes (for whichA|

values of 140-200 G are generally recorded16) leads us to
suggest a degree of interaction between the copper(II) ion center
and the tripyrrane ligand. Such a putative delocalization is
consistent with what is observed by other spectroscopic means
(Vide supra). However, simple geometry-based explanations
for this low value (i.e., distortion from pure square planarity)
are also possible.
The present results serve to illustrate that “bile pigment

analogues” containing but three pyrroles can be used as acyclic
ligands for copper(II) and, seemingly, other transition metal
cations. On this basis, we are inclined to propose that a wide
range of oligopyrrolic species, including those containing five
and six pyrrolic subunits,17 could be used to support the
formation of interesting metal complexes.
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Figure 2. UV/vis spectra of the Cu(II)-, Co(II)-, and Zn(II)-
tripyrrane complexes2, 3, and4 in dichloromethane.
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