
      

Tripyrrin—the missing link in the series of oligopyrrolic ligands
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The first derivative of the hitherto elusive tripyrrin 2 was
prepared and characterized; the X-ray structural analysis of
its trifluoracetato-palladium(II) complex 7 displays a highly
flexible N3 ligand.

Porphyrin 11 and dipyrrin 32 (Scheme 1) are long-known
ligands of related composition, and the co-ordination properties
of both as well as the use of the latter in the construction of
oligopyrrolic macrocycles3 has been the topic of numerous
investigations over the last century. While 1 and 3 have attracted
considerable interest it is remarkable, that the structural link
between porphyrins 1 and dipyrrins 3, the tripyrrin 2, has
remained elusive so far.

The absence of reports using tripyrrins as ligands is even
more surprising, if one takes into account, that the metal
complexes of known monoanionic, T-shaped, tridentate N
ligands are rather rare studying objects for co-ordination
chemists.4 Only one attempt to produce a tripyrrin 2 has been
reported so far. Sessler et al. subjected a tripyrrane to oxidizing
conditions and observed the unexpected formation of a
tripyrrinone-Cu(II) complex, which carries an oxo functionality
on one of the meso positions.5 Other tripyrrolic, though
dianionic ligands have been described as the free base as well as
in metal complexes.6 As part of our program to explore the co-
ordination chemistry of open-chain oligopyrrolic ligands we
attempted to close this gap, using the simple synthetic strategy
illustrated in Scheme 2.

When the pyrrolic precursors 4 and 5 are condensed via the
standard conditions for the preparation of dipyrrins (HBr in hot
MeOH), the anticipated reaction does in fact occur. The
product, however, is not stable in this medium and decays
before isolation can be effected. This decay is not observed if
boiling trifluoroacetic acid is used as both reagent and solvent.
The resulting dark violet–blue solution obtained this way
contains mainly 67 and remains remarkably stable for months.
All attempts to purify the compound or grow crystals of

3,4,8,9,13,14-hexaethyl-2,15-dimethyltripyrrin 6 have hitherto
led to decomposed material only. However, the solvent can be
removed in vacuo with only little degradation, thus allowing the
detection of the organic cation of tripyrrin 6 by means of
HRMS.8 Most probably, 6 is particularly prone to nucleophilic
attack at the meso-situated CH groups, since one of the electron-
poor azafulvene substructures is not balanced by a second
electron-rich pyrrole moiety. For further characterization of 6
the condensation of 4 with 5 was carried out in trifluoroacetic
acid-d1, and the resulting solution was analyzed by NMR
spectroscopy. The 1H and 13C NMR spectra show mainly the
signals of one compound, which are by number and multiplicity
in agreement with the proposed structure of tripyrrin 6. The
most prominent absorptions are those for the meso CH groups at
7.32 (1H) and 120.8 ppm (13C), respectively. Albeit the spectra
indicate a C2h symmetric molecule, the cisoid arrangement of
the diprotonated tripyrrin 6 could not be concluded from the
NMR data. The similarity of the uv/vis absorptions of 6 and the
Pd(II) complex 7, however, supports a conformation as
displayed in Scheme 2.

When all volatiles are evaporated from the dark violet–blue
trifluoroacetic acid solution and the residue is treated with a
slurry of excess palladium(II) acetate and sodium acetate in
MeOH, a green solution is formed immediately. From this, the
trifluoracetatopalladium(II) complex 7 can be isolated by
chromatography and subsequent crystallization from dichloro-
methane/n-hexane in 55% yield (calculated from 4).9 As the X-
ray crystallographic study10 revealed, 7 is indeed the first co-
ordination compound of an intact, monoanionic tripyrrin ligand
(Fig. 1).

Scheme 1

Scheme 2

Fig. 1 ORTEP plot of the molecular structure of 7 (top view of molecule I).
Selected bond lengths, distances (Å) and bond angles (°): Pd(1)–N(1)
2.026(4), Pd(1)–N(2) 1.973(3), Pd(1)–N(3) 2.021(3), Pd(1)–O(1) 2.051(2),
C(1)–O(1) 2.942, C(16)–O(1) 2.980, C(1)–C(16) 5.919; N(1)–Pd(1)–N(2)
88.43(13), N(2)–Pd(1)–N(3) 88.27(12), N(1)–Pd(1)–N(3) 176.69(11),
N(1)–Pd(1)–O(1) 91.92(12), N(2)–Pd(1)–O(1) 179.63(14), N(3)–Pd(1)–
O(1) 91.38(12).
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Suitable crystals for X-ray diffraction were grown by slow
evaporation of a solution of 7 in dichloromethane/n-hexane.
Three independent molecules were found in the asymmetric
unit, mainly differing from each other through the disordering
pattern within the CF3 group. In the following, only molecule I
will be discussed. In the crystalline state, 7 is found to display
a helically distorted and therefore chiral tripyrrin ligand with
C4N rings being tilted towards each other by 39.84 and 33.41°,
respectively (Fig. 2). The unexpected and quite pronounced
non-planarity of 7 appears in contrast to the effective C2h
symmetry observed by rt NMR and indicates a racemization
process in solution, which is fast on the NMR time scale. The
torsions observed in 7 parallel in part the out-of-plane distortion
modes found for a number of metalloporphyrins.11 Obviously,
the non-planar structure is caused by the steric influence of the
terminal methyl groups on the anionic ligand. Only by severely
tilting the tripyrrin moiety, the binding oxygen atom O(1) of the
trifluoracetate will find enough space to co-ordinate the central
Pd ion within a square-planar geometry (distances C(1)–O(1)
and C(16)–O(1): 2.942 and 2.980 Å). Whether the strain
induced by the helical twist favours the dissociation of the
trifluoroacetate and thus induces an enhanced reactivity of 7 and
similar complexes, is currently under investigation.
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Professor H. Werner (Würzburg) is gratefully acknowledged.
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Fig. 2 Reduced view of the helical scaffolding pattern of 7 (Schakal plot,
front view of molecule I).
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