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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 sr-counterpart (4) that exhibited a planar and rectangular
conformation and a diatropic ring current.

Considerable progress has been made in recent years in theomplexes, including bis-copper complexes with gable
search for new expanded porphyrins that display optical, shape$,group 10 metals (nickel, palladium, and platinum)
electrochemical, and coordination properties, which are with distorted structures,and an all-in-plane bis-gold
different from those of porphyrins? Despite these efforts, complex that can be switched between aromatic and anti-
the chemistry of expanded porphyrins has still remained quite aromatic, depending upon the numbermtlectrons. By
undeveloped, which may be appreciated by the very limited contrast, its chemical reactivity has been studied poorly
number of the reported chemical transformations and the lackexcept for a few reports.

of consensus for their chemical reactivity. New transforma- It has been reported thatcation radicals of metallopor-
tions of expanded porphyrins are highly desirable for the phyrins generated by chemical or electrochemical oxidation
future development of this class of molecules. Along this react with triphenylphosphine to produce corresponding
line, we have been focusing omeso-hexakis(pentafluo- phosphonium adductsTo the best of our knowledge, no
rophenyl) substituted [26]hexaphyrin-(1.1.1.1.1.1) (1) as a
representativeneso-aryl-substituted expanded porphyrin. (3) (@) Neves, M. G. P. M. S.; Martins, R. M.; Tomé, A. C.; Silvestre,
Metalation of 1 has been shown to lead to diverse metal éhgm%osrﬂ]‘ﬁﬁé%’ §85F‘(3£;‘S\ém'3je¥" ',\:"urﬁtaBHC?(‘)’;‘;e'[? flgaAr\ésSHi,
S.; Osuka, AJ. Am. Chem. So@001,123, 7190. (c) Suzuki, M.; Osuka,
(1) () Sessler, J. L.; Gebauer, A.; Weghorn, S. JThe Porphyrin A. Org. Lett.2003,5, 3943.

Handbook; Kadish, K. M., Smith, K. M., Guilard, R., Eds.; Academic (4) Shimizu, S.; Anand, V. G.; Taniguchi, R.; Furukawa, K.; Kato, T.;
Press: San Diego, 1999; Vol. 2, pp 55—124. (b) Jasat, A.; Dolphin, D. Yokoyama, T.; Osuka, AJ. Am. Chem. So@004,126, 12280.

Chem. Rev1997,97, 2267. (c) Lash, T. DAngew. Chem., Int. EQ000, (5) Mori, S.; Shimizu, S.; Taniguchi, R.; Osuka, korg. Chem2005,
39, 1763. (d) Furuta, H.; Maeda, H.; Osuka, @hem. Commun2002, 44, 4127.
1795. (e) Sessler, J. L.; Seidel, Bngew. Chem., Int. E@003,42, 5134. (6) Mori, S.; Osuka, AJ. Am. Chem. So005,127, 8030.
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such reaction has been reported between triphenylphosphin i RGN

and neutral porphyrins. In this paper, we report a facile
addition reaction of triphenylphosphine moeso-pentafluo-
rophenyl substituted [26]hexaphyrin(1.1.1.1.11%hat pro-
ceeds even in its neutral form to provide a stable phospho- #
nium ylide.

An addition of triphenylphosphine to a solution bfin
CH,CI, 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]hexaphyri@ (ca. 3—4%) (Scheme 1). The

L
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= Figure 1. X-ray crystal structure a8: (top) top view and (bottom)

Ar Ar side view. Thermal ellipsoids are scaled to the 50% probability

M level. In the side viewmesepentafluorophenyl substituents are
N omitted for clarity.
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which is shorter than that @triphenylphosphine substituted
gron(lll)-porphyrin (1.799(9) A) comple but slightly longer
than those of phosphonium ylides (1-6B.73 A)1° 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 theneso-pentafluorophenyl sub-
stituent at C(30) with an interplanar distance of 3.55 A,
probably due to favorable phenyl-pentafluorophenyl stacking
interaction!! and there are hydrogen bonding interactions
between N(6)H and N(5) (N(6yN(5), 2.66 A) and N(4)H
and N(5) (N(4)-*N(5), 2.82 A). Such intramolecular interac-
tions are likely to induce the distorted structure. In the

(8) (a) Shine, H. J.; Padilla, A. G.; Wu, S. M. Org. Chem1979,44, N.MR spectrum taken at room temperature, only. two NH
4069. (b) Smith, K. M.; Barnett, G. H.; Evans, B.; Martynenko JZAm. signals were observed at 8.20 and 9.07 ppm, while another

Chem. Soc1979,101, 5953. (c) Maek, A.; Latos-Gragnski, L.; Bartczak NH signal was detected at 6.56 ppm &t@ Eleven signals
T. J.,; Zalo, A. Inorg. Chem.1991,30, 3222. (d) Rachlewicz, K.; Latos- d th b din th f 3-20
Graznski, L. Inorg. Chem.1995,34, 718. (€) Ruhilmaa, L.; Giraudeau, ue to thes-protons were observed in the range of 3:

A. Chem. Communl996, 2007. (f) Ruhlmann, L.; Giraudeau, Bur. J. 7.57 ppm. TheséH NMR data indicated the absence of a

Inorg. Chem2001, 659. (g) Ruhlmann, L.; Gross, M.; Giraudeau,Ghem. ; PR ;
Eur. J.2003.9, 5085, diatropic ring current foB. A peak at 12.87 ppm in théP

(9) Crystal data for 3: CggH20N6F30P, O.66(GH18), 0.34(C|'QC|2), H,0;

reaction was considerably accelerated in the presence o
trifluoroacetic acid (TFA), under which conditions the
reaction was completed within 1 h. The prod@atxhibits

its parent ion peak atvz = 1723.1773 (calcd for £&HsdNeF3P

[M + H]*t, 1723.1785) in the ESI-TOF-mass spectrum, in
line with its formulation as a triphenylphosphine-adduct of
1. The structure 08 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 °1Yhe
triphenylphosphine moiety is bound to the periphgrplosi-
tion of hexaphyrin with a P(BC(2) bond of 1.751(4) A,

formula wt 1928.29T = 90(2) K, monoclinicP2;/c (No. 14),a= 14.589- (10) Giheany, D. GChem. Rev1994,94, 1339.

(6), b =21.295(9)c = 26.237(11) A = 98.157(7)°V = 8069(6) &, Z (11) (a) Williams, J. HAcc. Chem. Re4.993,26, 593. (b) Ponzini, F.;
= 4, Dcaica= 1.587 g cn13, u(Mo Ka) = 0.247 mn1?, F(000) = 3871.4, Zagha, R.; Hardcastle, K.; Siegel, J.Agew. Chem., Int. EQ000, 39,
47627 reflections measured, 18230 unigeé,= 0.0874,wR2= 0.2420, 2323. (b) Coates, G. W.; Dunn, A. R.; Henling, L. M.; Dougherty, D. A.;
GOF = 1.430 (I > 2.00(l)). CCDC file no. 277896. Grubbs, R. HAngew. Chem., Int. Ed. Engl997,36, 248.
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NMR spectrum confirmed the substitution of triphenylphos-
phine group to hexaphyrin.

Further, the adduc® 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 of 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 25.The mean plane

Figure 2. X-ray crystal structure of: (top) top view and (bottom)
side view. Thermal ellipsoids are scaled to the 50% probability
level. In the side viewmesepentafluorophenyl substituents are
omitted for clarity

deviation defined by the constitutional 30 atoms is 0.350 A.
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 supporte

the phosphonium ylide structure fdr More importantly,
the bond length of P(BC(2) in4 is 1.763(6) A, which is
distinctly longer than that a@ but again in a range between

(12) Crystal data for 4: 2(CgqH27NeF30P), GsHis, 9(CHCE); formula
wt 4630.71,T = 90(2) K, triclinic, P-1 (No. 2),a = 15.337(5)b = 16.233-
(5), ¢ = 20.665(6) Ao = 74.219(5) 8 = 78.531(6),y = 65.220(5)°V =
4474(2) B, Z = 1, Deaica = 1.719 g cn13, y(Mo Ka) = 0.551 mnt?,
F(000) = 2304, 23160 reflections measured, 15493 unidjle= 0.0977,
WR2= 0.2668, GOF= 1.039 (I > 2.00(l)). CCDC file no. 277897.
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the single bond and double bond. The compodrchibits

its parent ion peak atyz= 1721.1668 (calcd for §H2gNgFz0P

[M + H]*, 1721.1629) in the ESI-TOF-mass spectrum. The
IH NMR spectrum of4 exhibits the inne-protons in the
shielded region at 0.40, 0.13,0.03, and—0.75 ppm, and
the outers-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 2@-aromatic conjugation as in the
parent hexaphyrid. The®P NMR spectrum oft 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-

£x 10° M 'em!

Wavelength (nm)

Figure 3. UV—vis absorption spectra df (green, solid line)3
(blue, dashed line), andl (red, dotted line) in CHGI

pares the absorption spectra df 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 ylideexhibits an
absorption spectrum similar to that df featuring a distinct
Soret-like band at 597 nm, which is slightly broader and 30
nm red-shifted compared with that df. The marked
difference in the spectral feature betwe®and4 may be
explained in terms of the number @felectrons in the circuit

as well as different contribution of the resonance hybrid.
Double bond forms such a8A 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 #B, are favorable

4or the overall 2G-conjugation in its flat structure, which

eads to the aromatic character and diatropic ring current.
Therefore, the observed diatropic ring current4@uggests
dominant contribution of dipolar forms h compared with
that in3, which seems consistent with the longer C—P bond
distance in4 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 Ifvith
triphenylphosphine, 5,10,15,20-tetrakis(pentafluorophenyl)-
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Scheme 2. Possible Resonance Structures3aind 4

At H AT ppp, Ar Ar pphy

porphyrin5 did not react. One possible reason may be much

stronger oxidizing power ot compared with that 05. In

accord with this consideration, the [26]hexaphytionder-
goes two reversible one-electron reductions—&t52 and

4384

—0.85 V in CHCI, versus ferrocene/ferrocenium ion couple
with tetrabutylammonium tetrafluoroborate electrol§te,
whereas the porphyritishows two reduction peaks atl.28
and—1.71 V13 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 protonatiori diience
enhancing its electron-deficient property. This consideration
may be applied to new reactionsbivith 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]hexaphyrihto afford the 2&
hexaphyrin ylide3 is described. The 28z-nonaromatic ylide
3 was quantitatively oxidized to the 26etectronic 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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