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ABSTRACT

Nucleophilic addition of triphenylphosphine to neutral meso -hexakis(pentafluorophenyl)-substituted [26]hexaphyrin(1.1.1.1.1.1) (1) provided a
stable phosphonium ylide of [28]hexaphyrin (3), which was quantitatively oxidized to its 26 π-counterpart (4) that exhibited a planar and rectangular
conformation and a diatropic ring current.

Considerable progress has been made in recent years in the
search for new expanded porphyrins that display optical,
electrochemical, and coordination properties, which are
different from those of porphyrins.1,2 Despite these efforts,
the chemistry of expanded porphyrins has still remained quite
undeveloped, which may be appreciated by the very limited
number of the reported chemical transformations and the lack
of consensus for their chemical reactivity. New transforma-
tions of expanded porphyrins are highly desirable for the
future development of this class of molecules. Along this
line, we have been focusing onmeso-hexakis(pentafluo-
rophenyl) substituted [26]hexaphyrin-(1.1.1.1.1.1) (1) as a
representativemeso-aryl-substituted expanded porphyrin.3

Metalation of1 has been shown to lead to diverse metal

complexes, including bis-copper complexes with gable
shapes,4 group 10 metals (nickel, palladium, and platinum)
with distorted structures,5 and an all-in-plane bis-gold
complex that can be switched between aromatic and anti-
aromatic, depending upon the number ofπ-electrons.6 By
contrast, its chemical reactivity has been studied poorly
except for a few reports.7

It has been reported thatπ-cation radicals of metallopor-
phyrins generated by chemical or electrochemical oxidation
react with triphenylphosphine to produce corresponding
phosphonium adducts.8 To the best of our knowledge, no
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such reaction has been reported between triphenylphosphine
and neutral porphyrins. In this paper, we report a facile
addition reaction of triphenylphosphine tomeso-pentafluo-
rophenyl substituted [26]hexaphyrin(1.1.1.1.1.1)1 that pro-
ceeds even in its neutral form to provide a stable phospho-
nium ylide.

An addition of triphenylphosphine to a solution of1 in
CH2Cl2 at room temperature caused irreversible changes, as
revealed by TLC and MALDI-TOF mass analyses. Allowing
the reaction to proceed for 24 h and evaporation of the
solvent resulted in a color change from the violet color of
the solution to the metallic green color of the residue.
Purification by silica gel column chromatography provided
3 as dark blue solids in 80% yield along with a small amount
of reduced [28]hexaphyrin2 (ca. 3-4%) (Scheme 1). The

reaction was considerably accelerated in the presence of
trifluoroacetic acid (TFA), under which conditions the
reaction was completed within 1 h. The product3 exhibits
its parent ion peak atm/z) 1723.1773 (calcd for C84H30N6F30P
[M + H]+, 1723.1785) in the ESI-TOF-mass spectrum, in
line with its formulation as a triphenylphosphine-adduct of
1. The structure of3 has been elucidated by single-crystal
X-ray diffraction analysis to be not a phosphonium adduct
reported for the reaction of porphyrins but a phosphonium
ylide with a rather distorted structure (Figure 1).9 The
triphenylphosphine moiety is bound to the peripheralâ-posi-
tion of hexaphyrin with a P(1)-C(2) bond of 1.751(4) Å,

which is shorter than that ofâ-triphenylphosphine substituted
iron(III)-porphyrin (1.799(9) Å) complex8c but slightly longer
than those of phosphonium ylides (1.63-1.73 Å),10 suggest-
ing a single bond and double bond mixed character.
Importantly, no counteranion was found around the phos-
phorus atom, supporting the phosphonium ylide structure for
3. One of the phenyl groups of the triphenylphosphine moiety
is arranged parallel with themeso-pentafluorophenyl sub-
stituent at C(30) with an interplanar distance of 3.55 Å,
probably due to favorable phenyl-pentafluorophenyl stacking
interaction,11 and there are hydrogen bonding interactions
between N(6)H and N(5) (N(6)‚‚‚N(5), 2.66 Å) and N(4)H
and N(5) (N(4)‚‚‚N(5), 2.82 Å). Such intramolecular interac-
tions are likely to induce the distorted structure. In the1H
NMR spectrum taken at room temperature, only two NH
signals were observed at 8.20 and 9.07 ppm, while another
NH signal was detected at 6.56 ppm at 0°C. Eleven signals
due to theâ-protons were observed in the range of 3.20-
7.57 ppm. These1H NMR data indicated the absence of a
diatropic ring current for3. A peak at 12.87 ppm in the31P
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Scheme 1

Figure 1. X-ray crystal structure of3: (top) top view and (bottom)
side view. Thermal ellipsoids are scaled to the 50% probability
level. In the side view,meso-pentafluorophenyl substituents are
omitted for clarity.
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NMR spectrum confirmed the substitution of triphenylphos-
phine group to hexaphyrin.

Further, the adduct3 was oxidized with iodine or DDQ
to give 4 as blue solids quantitatively (Scheme 1). In the
isolation of4, it is crucial to wash the product thoroughly
with aqueous NaOAc solution, since it is quite easily
protonated. Single crystals of4 were obtained by slow
diffusion of octane to its chloroform solution. The X-ray
structure of4 shows a planar and rectangular macrocyclic
shape with dome-like ruffling (Figure 2).12 The mean plane

deviation defined by the constitutional 30 atoms is 0.350 Å.
As is the case for3, one of the phenyl groups in the
triphenylphosphine moiety is arranged parallel with the
pentafluorophenyl group at C(30), probably through phenyl-
pentafluorophenyl stacking interaction. Absence of any
counteranion around the phosphorus atom again supported
the phosphonium ylide structure for4. More importantly,
the bond length of P(1)-C(2) in 4 is 1.763(6) Å, which is
distinctly longer than that of3 but again in a range between

the single bond and double bond. The compound4 exhibits
its parent ion peak atm/z) 1721.1668 (calcd for C84H28N6F30P
[M + H]+, 1721.1629) in the ESI-TOF-mass spectrum. The
1H NMR spectrum of4 exhibits the innerâ-protons in the
shielded region at 0.40, 0.13,-0.03, and-0.75 ppm, and
the outerâ-protons in the deshielded region in the range of
8.90-7.95 ppm, hence indicating a strong diatropic ring
current in line with its 26π-aromatic conjugation as in the
parent hexaphyrin1. The31P NMR spectrum of4 showed a
singlet at 14.74 ppm.

Generally, phosphonium ylides are considered to be a
resonance hybrid between a dipolar form and a double bond
form. Relative contribution of each resonance hybrid must
depend on structural and electronic factors. Figure 3 com-

pares the absorption spectra of1, 3, and 4. The [28]-
hexaphyrin ylide3 shows ill-defined Soret-like bands at 466
and 631 nm and red-shifted and intensified Q-like band at
1053 nm, whereas the [26]hexaphyrin ylide4 exhibits an
absorption spectrum similar to that of1, featuring a distinct
Soret-like band at 597 nm, which is slightly broader and 30
nm red-shifted compared with that of1. The marked
difference in the spectral feature between3 and4 may be
explained in terms of the number ofπ-electrons in the circuit
as well as different contribution of the resonance hybrid.
Double bond forms such as3A and 4A lead to cross
conjugation, which is unfavorable for the overall effective
conjugation of hexaphyrin (Scheme 2). On the other hand,
dipolar canonical forms, represented by4B, are favorable
for the overall 26π-conjugation in its flat structure, which
leads to the aromatic character and diatropic ring current.
Therefore, the observed diatropic ring current for4 suggests
dominant contribution of dipolar forms in4 compared with
that in3, which seems consistent with the longer C-P bond
distance in 4 compared with that in3. Finally, these
hexaphyrin ylides3 and 4 were found so stable not to
undergo any Wittig-type reactions with aldehydes.

In contrast to the reaction of the neutral form of1 with
triphenylphosphine, 5,10,15,20-tetrakis(pentafluorophenyl)-
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Figure 2. X-ray crystal structure of4: (top) top view and (bottom)
side view. Thermal ellipsoids are scaled to the 50% probability
level. In the side view,meso-pentafluorophenyl substituents are
omitted for clarity

Figure 3. UV-vis absorption spectra of1 (green, solid line),3
(blue, dashed line), and4 (red, dotted line) in CHCl3.
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porphyrin5 did not react. One possible reason may be much
stronger oxidizing power of1 compared with that of5. In
accord with this consideration, the [26]hexaphyrin1 under-
goes two reversible one-electron reductions at-0.52 and

-0.85 V in CH2Cl2 versus ferrocene/ferrocenium ion couple
with tetrabutylammonium tetrafluoroborate electrolyte,6

whereas the porphyrin5 shows two reduction peaks at-1.28
and-1.71 V.13 As such, [28]hexaphyrin(1.1.1.1.1.1) reduced
form 2 did not react with triphenylphosphine under the same
conditions. The observed accelerating effect of TFA may
be understood in terms of its effective protonation of1, hence
enhancing its electron-deficient property. This consideration
may be applied to new reactions of1 with other nucleophiles.
Along this line, we preliminarily found nucleophilic reactions
with chloride and bromide ions and an acetate ion, which
will be reported elsewhere.

In summary, a facile nucleophilic addition reaction of
triphenylphosphine to [26]hexaphyrin1 to afford the 28π
hexaphyrin ylide3 is described. The 28π-nonaromatic ylide
3 was quantitatively oxidized to the 26π-electronic aromatic
ylide 4, which exhibits a planar and rectangular structure
and a diatropic ring current, probably through larger con-
tribution of the dipolar form in the ylide resonance hybrid.
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Scheme 2. Possible Resonance Structures of3 and4
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