
A Pyridine-Sensitive Venus Flytrap Porphyrin

Marinella Mazzanti and Jean-Claude Marchon*

Laboratoire de Chimie de Coordination, SCIB
Département de Recherche Fondamentale

sur la Matière Condense´e
CEA-Grenoble, 38054 Grenoble, France

Maoyu Shang and W. Robert Scheidt*

Department of Chemistry and Biochemistry
UniVersity of Notre Dame

Notre Dame, Indiana 46556

Songling Jia and John A. Shelnutt*

Catalysis and Chemical Technologies Department
Sandia National Laboratories

Albuquerque, New Mexico 87185-0710

ReceiVed August 22, 1997

Metal complexes that drastically alter their shape upon
binding of a ligand are not very common,1,2 and very few have
been fully characterized by X-ray structure determinations of
both conformers. We report on an “open” zinc porphyrin host
molecule that swings into a “closed” form upon binding a
pyridine base. This conformational flip, which is reversible, is
based on a rotation of the porphyrin substituents around their
bonds to themesopositions; the X-ray structures of the two
conformers show that it optimizes complementarity between host
and guest (induced fit3). The description of this system as a
pyridine-sensitive Venus flytrap1,4 porphyrin readily comes to
mind in view of its conceptual similarity to the insectivorous
plantDionaea muscipula.
The industrially available chiral cyclopropane derivative 1(R)-

cis-hemicaronaldehyde5 (“biocartol”) is a convenient source of
low symmetry (C2) metal complexes of tetramethylchiropor-
phyrin (H2TMCP), which are useful prototypes of asymmetric
catalysts and enantioselective receptors.1,6 In the view of
promoting attractiveπ-π interactions1,7 between ester substit-
uents and aromatic ligands, them- andp-nitrophenyl esters of
1(R)-cis-caronaldehydic acid were synthesized8 and condensed
with pyrrole to afford the corresponding tetra-m(p)-nitrophe-
nylchiroporphyrins H2T-m-NPCP (1) and H2T-p-NPCP (2) in
5-10% yield, (Figure S1, Supporting Information). In both
cases, this atroposelective cyclization affords theRâRâ atro-
pisomer as the sole porphyrin product. The latter is then
smoothly converted to its zinc complex, [Zn(EtOH)(T-m-
NPCP)] (3) or [Zn(EtOH)(T-p-NPCP)] (4), respectively,9 by
reaction with zinc acetate in refluxing chloroform-ethanol (1:
1). No atropisomerization occurs under these conditions,
indicating that the bulky cyclopropyl groups prohibit rotation
of themesosubstituents.

The crystal structure of310 confirms the open conformation
and theC2 symmetry with the 2-fold axis running through the
mean plane of the highly ruffled porphyrin (Figure 1 and Figure
S2, Supporting Information). The zinc center and its ethanol
axial ligand are therefore disordered over two equivalent
positions. In addition, there are two different ethanol conformers
for each position. The ethanol oxygen atom is at a long
hydrogen-bonding distance to the carbonyl group. The con-
formation of the ester groups is such that the four carbonyl
oxygen atoms are in positions nearly eclipsing the fourR pyrrole
carbon atoms C(a2), C(a3), C(a3)′, and C(a2)′, thereby pushing
them-nitrophenyl groups to the periphery of the porphyrin and
nearly perpendicular to its mean plane. The similarity of1H
NMR spectra for3 and 4, and particularly the absence of a
notable porphyrin ring current effect on the phenyl resonances,
suggests analogous conformations of the nitrophenyl ester
groups of3 and4 in solution.
Addition of an equivalent of 3,5-lutidine to a CDCl3 solution

of 4 results in an immediate and complete switching from the
openRâRâ conformation to the closed, axially ligatedRRRR
form (Figure S3, Supporting Information). This flipping is
conveniently monitored by the change of multiplicity of the
pyrrolic proton NMR resonances from aD2-symmetric to aC4-
symmetric pattern11 (Figures S4-S7, Supporting Information).
Pyridine, 4-methylpyridine, and piperidine all induce a quali-
tatively similar effect, but the conversion to the closed form is
incomplete and theRRRâ atropisomer is formed as well to
varying degrees (Table 1). Addition of hydrochloric acid to a
solution of the closedRRRR conformer opens the flytrap,
affording theRâRâ atropisomer. Crystals of X-ray quality were
obtained by diffusion of pyridine into a solution of4 at room
temperature. The pyridine adduct [Zn(py)(T-p-NPCP)] (5)
exhibits theRRRR conformation (Figure 2 and Figure S8,
Supporting Information). Its unusual stereochemical features
give a clue to the origin of this conformational switching. The
porphyrin macrocycle is highlyC4V domed, and the plane of
the pyridine ligand is in eclipsed orientation with a N-Zn-N
axis. The coordinated pyridine is tightly sandwiched between(1) A full list of references is supplied in the Supporting Information
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a pair of nearly parallelp-nitrophenyl groups by doubleπ-π
stacking (dcenter-center) ca. 3.5 Å), while the other pair is nearly
perpendicular and exhibits edge-to-face interactions with it
(dcenter-center) 5.0 and 5.5 Å). A single carbonyl group, C(16)-
O(1), shows the usual “inward” orientation, while the other three
are directed radially outward.
The energy landscape revealed by molecular mechanics

calculations is very complex, but some general conclusions can
be drawn. The macrocycles of theRRRR conformers are
predominantly domed and theRâRâ conformers are predomi-
nantly ruffled, in agreement with the crystal structures. For
the pyridine complex, the lowest-energyRRRR conformer for
any specific arrangement of the carbonyls is always lower in
energy (ca.1 kcal/mol) than the correspondingRâRâ conformer.
This energy gain provides a plausible driving force for theRâRâ

f RRRR atropisomer conversion. In contrast, for the ethanol
complex, theRâRâ conformer is more stable (byca. 2 kcal/
mol) than theRRRR conformer. The preference of these ligands
for either conformer is probably the combined effect of (a) a
minimization of the steric repulsion between the substituents
and the axial ligand and (b) a maximization of their attractive
van der Waals interactions by favorable packing. The predicted
preference of ethanol and pyridine for a particular conformer
is carried over into the crystal environment. Structural decom-
position of both the calculated and X-ray structures of the
pyridine complex into contributions from ruffling, saddling,
doming, and waving distortions12 shows that the macrocycle is
almost purely domed. This domed conformation also favors
the eclipsed ligand orientation which is observed in the crystal
structure.
The apparent lower rotation barrier of the porphyrin substit-

uents in the presence of pyridine bases deserves further
investigation. Our current interpretation, based on the crystal
structures, is that the highly domed conformation of the
porphyrin, which results from strong binding of pyridine (Zn-N
) 2.119 Å) allows fastmesogroup rotation at room temperature
and attainment of a dynamic equilibrium between atropisomers.
In contrast, weak ethanol ligation results in a long Zn-O bond
(2.227 Å) and in a ruffled porphyrin conformation which inhibits
mesogroup rotation. Molecular mechanics calculations provide
significantly lower estimates for theRRRR f RRRâ rotation
barrier of the domed porphyrin complex (26-35 kcal/mol) than
for theRâRâ f RRRâ transition of the ruffled conformer (30-
45 kcal/mol).
It is noteworthy that the degree of flipping induced by

pyridine and its derivatives parallels their substituent electron-
releasing properties (3,5-lutidine> 4-methylpyridine> pyri-
dine), in keeping with the electrostatic component ofπ-π
interaction and the known electron donor-acceptor arene
complexation chemistry.1,13 The flipping ability of the host
substituents (p-nitrophenyl> m-nitrophenyl) follows the same
trend. On the other hand, the lower effect of piperidine (pyridine
> piperidine) is likely to reflect a less-than-ideal fit of this guest
in a chair conformation relative to the flat aromatic core of
pyridine. The observed ranking of guests suggests that the
driving force for theRâRâ f RRRR conversion is enthalpic
(the entropic change is similar) and arises from more favorable
interactions between host and guest.
We note that the ligand-triggeredRâRâ T RRRR conversion

could in principle bring together and align appropriate reactive
or catalytic groups, as well as provide a mechanism for the
controlled delivery of pyridine-containing drugs. Its utility in
the creation of shape-selective and chiral oxygenation catalysts,
and of hemoprotein analogues, will also be explored.
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Figure 1. ORTEP view (50% probability) of the X-ray structure of
the zinc chiroporphyrin [Zn(EtOH)(T-m-NPCP)]3 showing theRâRâ
conformation of the host in the presence of the ethanol guest.

Table 1. Atropisomer Ratios Obtained by Flipping of the Zinc
Chiroporphyrin Host [Zn(L)(T-p-NPCP)] in the Presence of 10
equiv of Guest L in Deuterated Chloroform Solution

L 3,5-lutidine 4-methylpyridine pyridine piperidine

RRRR/RâRâ >100 2.0 1.2 0.6
RRRâ/RâRâ n.d.a 1.1 0.8 n.d.b

aNot determined due to low accuracy.bNot determined due to
overlapping peaks.

Figure 2. ORTEP view (50% probability) of the X-ray structure of
the zinc chiroporphyrin [Zn(py)(T-p-NPCP)] 5 showing theRRRR
conformation of the host in the presence of the pyridine guest. The
coordinated pyridine is tightly sandwiched between a pair of nearly
parallel p-nitrophenyl groups by double face-to-faceπ-π stacking,
while the other pair is nearly perpendicular and exhibits edge-to-face
interactions with it.
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