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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 pigment$. These pigments, which contain four
pyrrolic fragments arranged in a linear fashion, have so far been
used to stabilize complexes of Fe(ll), Co(ll), Mn(ll), and
Cu(l).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(ll) compl&xderived from
an oxidized tripyrrane ligand.

Tripyrranes (e.g.1)? are one of the better studied oligo-
pyrroles. They have been used extensively as building blocks
in the synthesis of porphyrifisand expanded porphyrifs,
including sapphyrif, pentaphyrirt, hexaphyrir® and texa-
phyrin® When incorporated into the latter macrocycles, the tripyrrane estefl to copper(ll) acetate hydrate under oxidizing
tripyrranes and their 4-electron-oxidized congeners, the tri- conditions (acetonitrile, trace triethylamine, reflux) leads to an
pyrrodimethenes, display a rich metal-binding chemistry. How- apparent reaction (Scheme 1). Subjecting the resulting product-
ever, it remains an open question at present whether these nongs) to successive column chromatographic purifications (silica
natural “bile pigment analogues” can themselves act as ligandsge|, dichloromethane/1% methanol eluent) was found to give
absent any kind of macrocyclic effect. It is known, however rise to only one blue-green fraction. After removal of solvent,

Figure 1. View of complex?2, CsHasN3sO7Cu-0.5 CHCE, showing
the atom-labeling scheme. Thermal ellipsoids are scaled to the 30%
probability level. Hydrogen atoms have been omitted for clarity.

that dipyrromethenes can function in this regékd.

To test the above possibility we sought to prepare a
representative tripyrranremetal complex. After considerable
experimentation, we found that exposure of the dibenzyl
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this fraction gave a green solid that proved paramagnetic as
judged by NMR spectroscopy. Mass spectrometric analysis of
this product revealed a WMpeak that was 14 mass units heavier
than expected for a copper(ll) 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-21411 It thus proved possible to
crystallize it from chloroform/pentane. This, in turn, made it
possible to resolve the “mysteryfa X-ray diffraction analysis.
The X-ray crystal structure of the tripyrran€u(ll) complex
(2) is shown in Figure 1? 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(ll) in the form of an overall neutral complex.
As revealed by the X-ray structure, the coordination environ-
ment of the Cu(ll) center i2 is a distorted square plane. The
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~ 2510* T T ; T . T nm) as compared to the corresponding bands of the cobalt and

' zinc complexesAmax ~ 540 nm).

210" - . . The electrochemical properties of the copper(ll) comf@ex

Vi " copper(l) were probed using cyclic voltammetty. When the complex

1510" |- ¢ & is scanned betweeh400 and—1000 mV, a reversible Cu(ll)/
NERVS ——— cobalt(ll) Cu(l) wave €12 = 480 mV vs Ag/AgCl) is observed (Sup-

1otV \ / ; porting Information). On the other hand, when the cyclovol-

5000

cm’)

Gt zinc(ll) i tammogram is recorded betweer? and —2 V, a second
3 reduction wave is observed (Supporting Information) that is
. L tentatively assigned to a ligand-centered reduction process.
300 400 500 600 700 800 900 Under these scanning conditions, the Cu(ll)/Cu(l) couple
Wavelength (nm) becomes irreversible. This leads us to propose that once the
Figure 2. UVAis spectra of the Cu(ly, Co(ll)—, and Zn(Il)}- ligand is reduced, some irreversible, presumably dissociative,
tripyrrane complexeg, 3, and4 in dichloromethane. process takes place such that the copper(l) cannot be oxidized
back to copper(ll).
Scheme 1 The EPR spectrum of the copper@Hiyipyrrane complex
at 115 K was also recorded (Supporting Informati&n)-rom
these measurements, Anvalue of about 150 G was determined
for complex2. While the observed signals are very broad
(making an exact determination 8§ difficult at this temper-
1 LHa 2 M=Cuy 11Ol ature), the fact that th&, value for2 is on the low side of vyhat
§ iono, (3 =G0 22 coonor is generally seen for normal Cu(ll) complexes (for whi&h
values of 146-200 G are generally record®l leads us to
Scheme 2 suggest a degree of interaction between the copper(ll) ion center
and the tripyrrane ligand. Such a putative delocalization is
consistent with what is observed by other spectroscopic means
(vide suprg. 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(ll) 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 subunity’ could be used to support the
formation of interesting metal complexes.
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copper atom is bound covalently to N1 and N3 at bond lengths
of 1.878(5) and 1.909(5) A, respectively, while N2 (EN2
1.938(6) A) and 02 (Ct02 2.156(5) A) of thea-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(2J, N1-Cu—N2 90.3(2y, N2—Cu—N3
94.2(2)) resemble, with only small deviations, those expected  Acknowledgment. This work was supported by a grant from
for a square planar compléX. The angles involving 02, Cu,  the National Science Foundation (CHE 9122161) to J.L.S.
and NE-N3 (N1-Cu—02 79.4(2), N2—Cu—02 157.4(2),

N3—Cu—02 97.8(2}), on the other hand, are distorted sub- Supporting Information Available: Text giving syn_thetic and _
stantially from those expected for a metal bound in an idealized X-ray experimental procedures, tables of crystallographic data, atomic

. . . IR thermal parameters, fractional coordinates, and bond lengths and angles
square planar ligand environment. This deviation is presumably for the trri)pyrrane-Cu(II) complex2, an EPR spectrum of ?:ompl@g g

a reflection of .the steric refquireme.nts of tdnee§ter; this group cyclovoltammograms of compleXscanned betwee#0.4 and—1 V

must be bent into the main chelation plane in order to interact 4nq petweent2 and—2 Vv, and additional structural diagrams 2f

with the copper atom. (24 pages). Ordering information is given on any current masthead
To explore whether such tripyrrane species can also act aspage.

ligands for other metal cations, two additional metal complexes

were prepared. This was done by first demetalating the copperlC9606789

complex2 with concentrated HCI and then treating the reaction

mixture with either cobalt acetate or zinc acetate. The resulting (14) Cyclic voltammetry was carried out at room temperature25°C)

complexes 3 and 4) were purified by chromatography and under dry argon using a Bioanalytic Systems Inc. (BAS) CV-50W
P $ ) P y grapny Version 2 MF 9093 voltammetric analyzer. Dry acetonitrile was the

cha_racterized by mass spectrometry and U\_//vis spectroscopy. solvent, 0.1 M [CH(CH,)3]4sNPFs the electrolyte, a platinum disk the
Figure 2 shows an overlay of the UV/vis spectra of the working electrode (1.6 mm diameter), and a platinum wire the auxiliary

cobalt-, copper-, and zine-tripyrrane complexeg, 3, and4. electrode. A Ag/AgCI couple, separated from the bulk solution by
means of a porous Vycor plug, was used as the reference electrode.

B_Oth the_ cpbal-t— and ZIn(_:—oxotrlpyrrome_thene Complexes (15) Recorded on a Bruker ESP 300 EPR spectrometer interfaced to an
display similar spectra, with the major difference being the IBM ESP 1600 computer.
higher extinction coefficients of the cobalt(ll) species. The (16) Solomon, E. I.; Lowery, M. D. IiThe Chemistry of the Copper and

: Zinc Triads Welch, A. J., Ch . K., Eds. Royal Society of
copper(ll) complex, on the other hand, displays a markedly clagmigfr?/? Jueleh. 1939'3,(38 :é";}gg'rgferehcedssfher?i’r? Society 0

different spectrum. It shows a greater molar absorptivity and a (17) Sessler, J. L.; Weghom, S. J.: Lynch, V.; Franssor, kChem. Soc.,
stronger Q-type band. This latter is red-shifted (to about 608 Chem. Commuril994 1289-1290.




