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A highly saddle-distorted dodecaphenylporphyrin dication

(H4DPP2+) was revealed by X-ray crystallography to form

positively charged porphyrin nanochannels which were 1 nm in

diameter; chloride anion and redox-active hydroquinone could

be incorporated in the channels.

Porphyrins are promising building blocks for constructing and

creating a variety of functional materials, which can be responsible

for photo-induced energy and electron transfer reactions,1,2

formation of specific environments for performing chemical

reactions3 and molecular recognition.4 Aggregation of porphyrin

arrays has been extensively studied and developed in terms of

specific properties and reactivities. As can be found in Nature,

porphyrin aggregation is known to be involved in the light-

harvesting complex of bacteriochlorophylls to perform photo-

induced energy transfer followed by electron transfer from water

to plastoquinone to generate dioxygen for ATP and NADPH

production.5

Nanomaterials based on porphyrin scaffolds have received

much attention due to the scientific and technological benefits

derived from the spectrum of chemical and physical properties

mentioned above. In addition, preparation and functions of

porous materials based on porphyrin complexes as building blocks

have also been developed.6,7 Among those, porphyrin-based

channel structures have been attractive objectives due to their

potentials toward functional materials.8 We have focused on

developing new functional materials on the basis of distorted

porphyrins, which can construct unique curved surfaces in place of

normal planar structures.9 Those porphyrins will afford unusual

aggregation patterns, which cannot be achieved by planar

porphyrin scaffolds. Recently, we reported a metalloporphyrin

nanotube to include fairly large molecules such as tetranuclear

molybdenum-oxo clusters.9 We have demonstrated that reactive

and unstable substances are protected in the inner space of the

nanotube from external lethal attack to undergo degradation. To

construct redox-active functional materials based on porphyrin

nanostructures, we took advantage of the curved surface(s) of

saddle-distorted porphyrin and adopted dodecaphenylporphyrin

dication (H4DPP2+)10 as a building block for novel nanochannels

as shown in Scheme 1. We describe herein the first example of the

preparation and the crystal structure of a protonated porphyrin

nanochannel, which is reminiscent of zeolites, including p-

hydroquinone (H2Q) as a redox-active substance inside the

channels.

Co-crystallization of [H4DPP2+]Cl2?4CH3CN and an excess

amount of H2Q in CHCl3/CH3CN afforded a cationic nanochan-

nel including H2Q ([H4DPP2+]Cl2?2CH3CN?H2Q; 1).{ Fig. 1

shows a side-view of the nanochannel of 1. The H4DPP2+

unit showed larger distortion compared to that in [Mo(DPP)-

(O)(H2O)]+ consisting of the porphyrin nanotube.9 Two porphyrin

dications create a ring having 1 nm diameter with intermolecular

p–p interactions between peripheral phenyl groups with 3.46 Å

separation. The rings are connected together by weak p–p

interactions with distances ranging from 3.56 to 3.71 Å to form

the channels. The channels run below and above the individual

porphyrin mean plane with an angle of 71u in the directions of [1 1

0] and [1 21 0] in the crystal,11 as can be seen in the crystal packing

of 1 depicted in Fig. 2. The chloride anion was found to form

hydrogen bonding with the pyrrole N–H proton with a distance of

3.22 Å. Also, H2Q was found to interact weakly with porphyrin

pyrrole rings via p–p interactions with a distance of 3.73 Å, and

also with the DPP-phenyl groups showing 3.74 Å separation.

Those p–p interactions operated in a T-shape (edge-to-face)

orientation, not in a face-to-face fashion. The p–p interactions are

thought to be the driving force to include aromatic substrates in

the inner space as shown in Fig. 3.

The mechanism of inclusion of H2Q was considered for a

mixture of [H4DPP]Cl2?4CH3CN and H2Q by using VT-NMR

spectroscopy in a CDCl3/CD3CN mixed solution. A singlet

{ Electronic supplementary information (ESI) available: experimental
section. See http://www.rsc.org/suppdata/cc/b4/b414483j/
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Scheme 1

Fig. 1 A side view of the crystal structure of 1. The H4DPP2+ unit is

represented by gray wires. Orange, carbon; blue, nitrogen; red, oxygen;

green, chloride.
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assigned to the OH group of H2Q exhibited a downfield shift and a

broad singlet ascribed to porphyrin N–H protons showed an

upfield shift (Fig. 4). These observations indicate the formation of

hydrogen bonding between the OH group of H2Q and Cl2 and

this renders the polarization of OH and NH groups more positive

and less negative, respectively. Thus, intermolecular hydrogen

bonding is thought to be a dominant driving force to include H2Q.

Redox potentials of [H4DPP]Cl2?4CH3CN and H2Q were

determined in CH2Cl2 and CH3CN, respectively. The porphyrin

dication showed a reversible one-electron redox couple

at E1/2 5 +1.26 V (vs. SCE) in the presence of 0.1 M CH3SO3H.

H2Q exhibited a redox wave at +1.27 V (vs. SCE) due to a two-

electron oxidation process (Figure S1, ESI). These results suggest

that photoinduced electron transfer could occur from H2Q to a

photoexcited porphrin dication and this may provide a novel

pathway of photoinduced electron transfer performed by por-

phyrin systems.

In summary, we have demonstrated the first example of

‘‘porphyrin nanochannel’’ by using curved surfaces derived from

dicationic H4DPP2+ to form cationic channels with p–p interac-

tions. Due to the di-protonation to form hydrogen bonding

receptor sites, this type of cationic porphyrin channels could use

hydrophilic hydrogen bonding concomitant with hydrophobic p–p

interactions. Thus, functional molecules such as quinones can be

included by non-covalent interactions into the channels. This

discovery of the porphyrin nanochannels can provide a new

strategy for porphyrin-based functional nanomaterials to target

novel photochemical devices in view of photoinduced electron and

energy transfer.
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