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The concept of Mbius aromaticity that predicts aromatic nature Chart 1. Molecular Structures of [22] and [24]N-Fused
for [4n]annulenes lying on a twisted Nbaus strip is fascinating Pentaphyrins?
from both the theoretical and experimental standpdi@mce the
first idea on the feasibility of stable Myus aromatic molecules
by Heilbronner early in 1963 there have been speculations on
Mdbius aromatic molecules as transition stdtesactive intermedi-
ates? and conformational isomePsFinally we have witnessed the
appearance of the first Nbius structure molecule in a seminal work
by Herges et d.However, the status of this macrocyclic molecule

Rh = Rh(CO)2

X X o . [22]NFP; [24]NFP; Rh-[22]NFP; Rh-[24]NFP5
has encountered disputes over the issue of aromaticity due to itS 1 ar=26.ClaCgHy ~ 2: Ar= 2,6-ClaCeHy 5: Ar= CgFs 6: Ar=Cgfs
large dihedral angle{107.7) between the most distorted sites and 3 Ar=GgFs 4. Ar= CoFs
small NICS value 3.4 ppm)’ In annulenic systems, Mus aDicarbonyl group being attached to Rh was omitted for clarity.

topology may need a large macrocyclic ring for molecular twisting,

. ; e - Table 1. Magnetic, Geometric, and TPA Properties of 1—6
where a cis-trans isomerization energy barrier would be very small,

thus making “locking in a twisted Muius structure” very difficult. NICS ARy ARo Ao o
Very recently, we reported the spontaneous formation 6biM® sample  we- (ppm) Ry ¢ (ppm)®  (GMY’
aromatic molecules upon metalation of expanded porphyrins 1 22 —26.68  0.095 0.0645 10.62 1430
including [28]hexaphyrin, [32]heptaphyrin, and [36]octaphykin, 2 24 +7.71 0167 0107  —7.42 750
whereas [20]porphyridsand [16]porphyrid® exhibit severely i gi :ﬁ'% % 144 0605325 —1216369 11156%0
distorted conformations. The latter results suggest that the tetrapy- g 22 —2711  0.094 0.0758 917 1720
rrolic porphyrin skeleton is not large enough to implemeritids 6 24 —16.14 0.100  0.0803 8.23 1500

twisted topology within a molecule. Now we examine N-fused [22] _ _
and [24]pentaphyrins ([22]NEPand [24]NFR) focusing on the | alt?’honlt: Iengtih altg{nati%nfobtamet_d f_rongi Xt-rayt ch:rz%al Structgﬂ?ond
il P : H PP ength alternation obtained from optimized structurBiiference between

,pOSSIbII,Ity of a Mbius .aromatlcls.ystem, .Slnce Itis Important and the most upfield and the most downfield chemical shiftsfe€H signals
interesting to characterize the minimum size of pyrrolic macrocycles (s, - &) for 1, 3, 5, and6 and vice versa fof and4 in *H NMR spectra
that can achieve Mazus aromaticity. in CDCl; at room temperaturé. TPA cross-section values were measured

N-used [22] and [cepantaphyis (Chan ) rataresiable 3125 7 o s 006 (2 g L0 o b s

. . ively ysi -ray u

formsl?f mesearyl pentaphyrins_ V_Vere prepared as reported pr_eV' resolve the structure satisfactorifyThe values are the averaged ones of
ously [22]NFPs 1 should exhibit aromatic character according  the two independent molecules in the unit cell.
to Huckel rule, when it is planar. This has been supported by its ) . _
diatropic ring current as seen for the chemical shifts of the inner A-Protons in 5.58-6.19 ppm, which leads t&o = —2.60 ppm,
C—H and N-H protons observed at-1.78 and 1.27 ppm hence indicating a weak paratropic ring current. The X-ray crystal
respectively, in théH NMR spectrum. A large negative NICS value structure of4 shows a significant distortion at the pyrrole C, which
of —26.7 ppm calculated at the central positionetonjugation |s_helq almost perpendicular to the mean plane of th_e macrocycle
pathway ofl also supports its aromatic character. The dihedral angle With dihedral angles of-122" and 55.7 (Figure 1a). Itis worthy
of the puckered pyrrole ring (ring C) is ony30° with respect to to note that the large deviation _of_ the pyirole C is allowedijn
the entire molecular plane. In contrast, [24]NBPshows the inner presumably due to the less steric interaction of pentafluorophenyl
NH proton at 16.98 ppm and the C2 proton at 12.01 ppm and the substituents, while larger 2,6-dichlorophenyl substituents2in
outer S-protons at 45 ppm, featuring a distinct paratropic ring  SUPPress such aring distortion, hence preserving a relatively planar
current and hence antiaromatic nature ®orin accord with this conformation. This explains the observed antiaromatic character

analysis, a positive NICS value-7.71 ppm) was obtained at the of 2. It is thus cgnceivable that the distorted conformation49f
center of2 (Table 1). redt_ices the strain energy by th_e fused part of ihe pyrrole rings.
Similar to 1, the strong diatropic ring current of [22]JNEB is Cu_rlousl_y, the pyrrole C i constitutes the most distorted turning
evident from itstH NMR spectrum that records a large difference point as it connects the relatlvgly planar N-fused segment consisting
of 11.39 ppm between the chemical shifts of the inner and outer ©f PYroles A and B and the dipyrromethene segment consisting of
pyrrolic B-protons Ad). Thus,3 can be characterized as & ¢hel pyrroles D and E, where the phase shift in the conjugatedtwork
aromatic molecule with 22-conjugated electrons. In contrast, the Mght be close to realizing Mous topology by twisting the
1H NMR spectrum of [24]NFP4 exhibits a singlet at 7.84 ppm ~ conjugatedp-orbitals.

due to the inner C2 pyrrolig-proton and signals of the outer Metalation of3 with Rh(l) ion in the presence of sodium acetate
provided complexe$ and6 with 22 and 24z-electrons, respec-

t Yonsei University. tively. DDQ oxidation 0f§ gayeS quantitatively. via a pivotlike
*Kyoto University. Rh(l)-walk1b In 5, Rh(l) ion is bound to the nitrogen atoms of

1824 m J. AM. CHEM. SOC. 2008, 130, 1824—1825 10.1021/ja7100483 CCC: $40.75 © 2008 American Chemical Society
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Figure 1. (a) Molecular structure of with the three largest dihedral angles
obtained from X-ray crystal structure. (b) Molecular structuré,ddbius

3 also shows a relatively large TPA cross-section value of 1580
GM, which is similar to that of Hokel aromatic compound.
Nonaromatic moleculd with a distorted conformation exhibits a
larger TPA value of 1160 GM tha2 Thus, it is conceivable that
the larger TPA cross-section value #fis compared with that of
2 is arising from its distorted conformation to reduce the strain
energy. The Mbius aromatic compoun@lwith a distinct diatropic
ring current shows the TPA cross-section value of 1500 GM, which
is almost comparable to 1720 GM of kel aromatic moleculé.
These results demonstrate that the TPA cross-section values can
be used as a quantitative measure of aromaticity in porphyrinoid
systems although it still necessitates more theoretical and quantita-
tive analyses.

In summary, NFEs are interesting platforms to realize’ ¢kel

strip aromatic compound. The values are the average of the two independenromaticity, Hickel antiaromaticity, and Muus aromaticity de-

molecules in the unit cell. (c) X-ray structure and schematic representation
of molecular topology 06. Themesepentafluorophenyl groups are omitted
for clarity.

pyrroles D and E with an overall planar structure of macrocycle.
The aromatic character &fhas been ascertained from & NMR
spectrum where the inngrprotons appear at 0.05, 1.16, and 1.62
ppm in the shielded region. Additionally, a small bond-length
alternation (BLA) of 0.094 A from X-ray crystal data and a large
negative NICS value of-27.11 ppm at its central position support
the Hickel-type aromaticity ob.

Remarkably, the structure of Rh(l)-complékas been revealed
by single-crystal X-ray diffraction analysis to be a Mos topology
similar to metalated [28]hexaphyrin, [32]heptaphyrin, and [36]-
octaphyrir® The rigid and planar N-fused tricyclic part (the pyrroles
A and B) is nearly planar with the pyrrole E, and the remaining
distorted part (the pyrroles C and D) is fixed by Rh(I)-metalation.

pending on the number ofr-electrons, mesesubstituent, and
metalation. Remarkably, the compléxhas been confirmed as a
Mobius aromatic molecule by the crystal structute, NMR
spectrum, NICS calculation, and TPA cross-section values. This
molecule6 is the smallest Mbius aromatic system with a distinct
diatropic ring current. This work demonstrates the potential of our
synthetic strategy based on metalation of expanded porphyrins
toward Mabius aromatic molecules as well as the possible use of
TPA value as a quantitative measure of aromaticity.
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Supporting Information Available: Details of X-ray crystal

The pyrrole D constitutes a bent dipyrromethene segment with the structureH NMR spectrum, X-ray crystal structure, details of synthetic

pyrrole E, while the pyrrole C is highly distorted. While the pyrrole
C in4is pointing slightly outward from its-conjugation pathway,
that in6 is locked inclining inward by Rh(l)-metalation, serving to
realize a Mius topology with reasonable overall conjugation, in
which the largest dihedral angles are modest, 51(@30-C11)
and—146.72 (C9—C10). These dihedral angles are considerably
smaller than those of, allowing the structure 06 to satisfy the
criteria of Mdbius aromaticity asserted by Rzejadmportantly,
theH NMR spectrum o reveals a distinct diatropic ring current
by displaying the innef-protons and NH proton at 0.10 and 0.68
ppm in a shielded region, respectively, and the oftgrotons in

a slightly deshielded region @ ppm). The large negative NICS
value of —16.1 ppm and the BLA value of 0.100 A also support
the aromatic character of this molecule. It should be noted that
this BLA value is smaller than 0.157 A of Nbus structure
molecule proposed by Herges ef aind comparable to 0.107, 0.099,
and 0.113 A of Mbius type [28]hexaphyrin, [32]heptaphyrin, and
[36]octaphyrin, respectivelyThus, the aromatic character &fs
apparent from itdH NMR spectrum, a large negative NICS value,
and small BLA with Mbius strip topology. Thereforeé§ can be
assigned, to the best of our knowledge, as the smallédtiddo
aromatic system with a distinct aromatic diatropic ring current
characterized so far.

To explore the relationship between two photon absorption (TPA)
phenomena and aromaticity demonstrated in our previous ¥ork,
the TPA cross-section valuesq) were measured by using the
femtosecond Z-scan meth&tThe Hickel aromatic compound
shows a TPA value of 1430 GM, almost twice the value for the
antiaromatic compound (750 GM). The smalb® value of2 can
be ascribed to its antiaromatic character, which is consistent with
its almost zero HOMA value (Sl). The'lekel aromatic compound

procedure, NICS calculation, HOMA, steady-state absorption, TPA
spectra and geometric information. This material is available free of
charge via the Internet at http://pubs.acs.org.
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