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A strapped chiroporphyrin free base with two 8§-methylene
chains linking two adjacent meso-substituents was synthe-
sized as the a4 conformer; insertion of Ni(i) triggered a
complete conversion to the afaf complex, and demetalla-
tion totally regenerated the strapped free base in the a4
conformation.

Metalloporphyrin compounds which have arigid concave shape
can trap molecular guests by coordinative or non-covalent
interactions; recognition of the guest is due to complementarity
in size, shape and functional groups.t A ‘Venus flytrap’ zinc
porphyrin that reversibly swings between an open and a closed
form upon binding and dissociation of pyridine has aso been
reported.2 We have now designed a strapped chiroporphyrin
whose shape can be controlled at will by exploiting the specific
coordination requirements of nickel(1). The forces which
operate this molecular metamorphosis might be useful in the
design of nanoscale tweezers.

Deprotonation of (1R)-cis-hemicaronaldehyde 1 by sodium
hydride, followed by nucleophilic attack3 on 1,8-diiodooctane,
led to the diester-strapped dialdehyde 2 in 99% yield (Scheme.
1). The latter was reacted with pyrrole according to aliterature
method4 to afford the bis-strapped chiroporphyrin 3 in 5%
yield.t¥ In contrast to the first-generation chiroporphyrins
devoid of straps, which are aways obtained as the afop
atropisomer,5> 3 shows an «“ conformation with the two
8-methylene straps linking adjacent meso substituents on the
same face of the porphyrin. This unusual conformation is
apparent in the C, symmetry of the NMR spectra of 3 [e.g. two
AB systems for the pyrrole protons, Fig. 1(a)], and in the large

Scheme 1 Reagents and conditions: i, NaH, THF, 10 °C, 30 min under Ar;
ii, 1,8-diiodooctanein DMF, 25 °C, 24 h under Ar (99%); iii, pyrrole, TFA,
CH_Cl,, 25 °C, 6 days; iv, DDQ, 4 h (5%).

T Electronic supplementary information (ESI) available: spectroscopic data
for 3-6. See http://www.rsc.org/suppdata/cc/bl/b104715a/
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Fig. 1 *H NMR spectra (400 MHz, CDCl3, 298 K) for (a) the free base
chiroporphyrin 3 with two 8-methylene strapsin the o4 conformation; (b) its
a4 zine(in) complex 4; and (c) its oo nickel (1) complex 5; crossed peaks
correspond to CDCl3 solvent impurities.

upfield shifts of the methylene groups of the straps. The zinc
complex 4 exhibits the same spectral symmetry [Fig. 1(b),§ and
its a4 conformation was confirmed by its X-ray structure shown
inFig. 2.6

Much to our surprise, metallation of «4-3 by Ni(i1) triggered
amajor conformational change. The nickel complex 5 shows a
D,-symmetric *H NMR spectrum [e.g. two singlets for the
pyrrole proton resonances, Fig. 2(c) in which the chemical shifts
of the methylene protons are in the norma akyl range,
unambiguously indicating an «fof3 conformation in which the
straps now link the adjacent meso substituents on opposite faces
of the porphyrin.y The conversion was complete, and no
intermediate could be detected. This unprecedented conforma-
tion of a strapped porphyrin® was confirmed by the X-ray
structure of 5 illustrated in Fig. 3.

Several experiments were carried out to try and remove the
nickel (i) center from the porphyrin, in the view of examining

Fig. 2 Stick representation of the X-ray structure of the zinc(i)
chiroporphyrin complex 4 showing the o4 conformation and the two straps
(green) linking adjacent meso substituents on the same face of the porphyrin
(light blue).

DOI: 10.1039/b104715a

Thisjournal is© The Royal Society of Chemistry 2001



Fig. 3 Stick representation of the X-ray structure of the nickel(i)
chiroporphyrin complex 5 showing the af«ff conformation and the two
straps (green) linking adjacent meso substituents on opposite faces of the
porphyrin (light blue).

the conformation of the resulting free base. Among several
acids which weretried, only trifluoromethanesulfonic acid was
found strong enough to transfer protonsto the very weakly basic
nitrogen atoms of 5 and release the nickel (1) ion. Short reaction
times (15 min, resulting in ca. 50% demetallation) were
required with such a strong reagent, which also hydrolyzes the
ester groups upon prolonged contact. The resulting free base
exhibited «*H NMR spectrum identical to that of the starting
material 3, indicating the same o4 conformation. Thusthe o4 —
«faf conformation changeisentirely reversible upon nickel (ir)
insertion and extrusion (see Graphical Abstract).

Metal insertion in a porphyrin generally induces modest
distortions of the core, such as the sad, ruf, dom, wav and pro
types or combinations thereof,” but usually it does not affect the
orientation of the macrocycle substituents. Theintriguing o4 —
apof conformation change which is observed upon Zn(n) —
Ni(n) substitution in the strapped chiroporphyrin may be rel ated
to the coordination requirements of the two metals and to the
constraintsinduced by the short straps. While Zn(in) withitsfull
d1° complement shows long Zn-N bonds (average 2.036(5) A
for the two independent molecules) compatible with the flat
porphyrin core of «4-4, square-planar d® Ni(i1) with its vacant
antibonding dyz_ 2 orbital requires short Ni—N bonds [average
1.916(5) A for the two independent molecules] which are
obtained by ruffling of the core of 3. In this distorted core
conformation, the 8-methylene straps apparently aretoo short to
stride over their adjacent cyclopropyl substituent, which are
forced to rotate toward the opposite face of the porphyrin. The
low rotation barrier usualy observed in ruffled nickel(i)
porphyrins® may facilitate this motion, which results in the
afof complex 5.

Nearly complete conversion to a paramagnetic piperidine
adduct 6 was obtained by dissolution of 5in neat CsD;oND, as
judged from the UV-VIS spectrum.®10 The 500 MHzH NMR
spectrum of the resulting solution showed a broad peak near 40
ppm at room temperature for the pyrrole protons of the high-
spin Ni(n) complex 6, typical of adz! dye_ 2! configuration.®11
A pair of singlets was also observed at 6 7.44 and 7.61 for the
pyrrole protons of the residual diamagnetic species 5. The fact
that 5 and 6 are not in fast exchange on the NMR time scale
standsin contrast to the rapid equilibrium between Ni(TPP) and
its high-spin piperidine adduct which has been observed
earlier.® These observations suggest that 5 and 6 have quite
different conformations, and they are consistent with the
expected structural consequences of the singly occupied dyz_ 2
orbital in 6. High-spin nickel (1) porphyrins usually exhibit an
expanded core [average Ni-N bond length 2.04-2.07 A] and
reduced non planar distortion relative to their parent low-spin
complex (average Ni-N bond length 1.89-1.93 A).22 The
expanded porphyrin core of the piperidine adduct 6 is
incompatible with the «faff conformation which imparts short
Ni-N bonds. Thus this adduct is prone to undergo a structural
change to the o4 conformation which alows near planarity of
the porphyrin core similar to that of the zinc complex 3. The
piperidine ligand located between the two straps is probably

held by mechanical forces in addition to the coordination
bond.

The strong effects of dy_ 2 orbital occupancy on molecular
shape and dynamics in this system could be exploited in the
design of molecular machines such as motors and switches.

We thank Nathalie Gon, Colette Lebrun and Pierre-Alain
Bayle for assistance, and Dr Pierrette Battioni for experimental
details on the use of trifluoromethanesulfonic acid.
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