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ABSTRACT

Synthesis of new meso aryl 30z heptaphyrins 2, 3, and 4 is achieved. Spectroscopic studies reveal that 2, 3, and 4 are aromatic and possess
an inverted structure.

The unique physical and chemical properties and diversesince they exhibit various nonplanar or figure eight confor-
biomedical applications displayed by cyclic polypyrroles mations but also for their applications in anion binding and
have stimulated a large amount of research in the area ofas catalysts in enantioselective reactibhmwever, all these
expanded porphyrins A variety of expanded porphyrins  macrocycles turned out to be nonaromatic.

containing up to six pyrrole/heterocyclic rings have been  syrprisingly, the expanded porphyrins containing seven
synthesized, and their properties such as receptors for anionsand nine pyrrole rings have hitherto escaped all efforts at
ligands for metals, sensitizers for PDT, and as MRI contrast- their synthesis. Very recently Sessler and co-worKevere

ing agents have been exploited receffijdowever, only a  successful in the synthesis of the nonaromatia 2@pta-
few expanded porphyrins containing more than six pyrrole phyrin [1.0.0.1.0.0.0]L by an acid-catalyzed condensation
rings are reported to date. They are the 8 pyrrolic octaphy- of tetrapyrrole dialdehyde with bipyrrole, which afforded an
rins;* the 10 pyrrolic turcasarihthe 12 pyrrolic dodecaphy-  open chain heptapyrrole that upon subsequent cyclization
rin, and the 16 pyrrolic hexadecaphyfithese macrocycles

are not only interesting from the structural point of view (4) (a) Vogel, E.. Broring, M.: Fink, J.. Rosen, D.: Schmickler, H.: Lex,
J.; Chan, K. W. K.; Wu, Y.-D.; Plattner, D. A.; Nendel, M.; Houk, K. N.
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afforded 1. Inspite of this success, the need to synthesize ||| KGN

other new systems for an understanding of aromaticity,
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remains, and in this Letter, we wish to report the successful X=Se 8b ﬁe-pf; hz;rin
syntheses of three different kinds of heteroatom-containing Rubyrin

meso aryl heptaphyring, 3, and4, by an easy and efficient

synthetic mgthodology. !Jnhkt, the heptaphyring, 3, and porphyrins, sapphyrins and rubyrins, while the tripyrranes
4 arearomatlc:?md. exhibit inverted structures Wh'ere. one or bearing the meso mesityl groups gave an additional product,
two heterocyclic rings have undergone a 188g flipping. which was 3@ heptaphyrin. This is probably due to the
increased steric bulk on the meso phenyl ring, which is in
accord with the observation of Setsune and co-woFfkiers
x=S 2 the Rothemund reaction of bipyrroles with 2,6-dichlorobenz-
X =Se 2b aldehyde. The formation of the heptaphyrin can be rational-
ized by considering the fragmentation of tripyrranes and the
recombination of the fragmented proddct.
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s To synthesize meso aryl heptaphyrins in good yield, a
Ar | A 3a :‘n’es more rational synthesis was designed with easily available
3b Ph precursors, either through a [4 3] MacDonald type
3 o condensation or through an oxidative coupling reaction. The
A A key precursors required were hitherto unknown: " 5is-
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(arylhydroxymethyl)-2,25,2 terthiophene and 5,14-diphen-
yl-20,21-diselenatetrapyrromethang 6 was synthesized by
a reaction of terthiophene with-butyllithium followed by

4a treatment with aryl/mesityl aldehyde in 75% yieltd was
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The first clue that the meso aryl heptaphyrins could be 7¢c Ph O
synthesized came from the reaction of mesityl tripyrranes 7d Ph Se
5aor 5b containing heteroatoms in the presence of 0.3 equiv
of TFA as catalyst in dichloromethane, followed by chloranil X Ar
oxidation (Scheme 1). After a basic workup and chromato- A S s
graphic purification, two major products were isolated. They gg g ;P’:l‘

are 26t rubyrins8aor 8b in 15% yield and 3@ heptaphyrins
2aor 2bin about 2% yield. The formation of trace amounts
of 18z porphyrin and 22 sapphyrin were also noticed. We  synthesized in 85% yield by a reaction of biselenophene diol
have recently shown that modified tripyrranes are not very and pyrrole with TFA as the catalyst, using a method similar
stable under the reaction conditions and undergo acid-to the one reported by us for the synthesis7bf® Thus,
catalyzed fragmentatighThe fragmented products recyclize reaction of6a with 7b, 7c, or 7d with 1 equiv of TFA in

to give a mixture of porphyrins and expanded porphyrins. dichloromethane, followed by oxidation with chloranil gave
The tripyrranes bearing the meso phenyl groups gave only 3b, 3c,
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or 3d as the only product (yield foBb is 22%, for3c is in the H,H-Cosy (Figure 1b). The appearance of individual
20%, and for3d is 15%).3a was synthesized by reacting doublets for each proton reflects the lower symmetry of the
6b and7ain 20% yield.3a—3ddisplay a deep purple color molecule, and the observation of two doublets in the high-
in organic solvents. On protonation with acid, the color field region suggested that one of the thiophene rings is
changes immediately to indigo. The heptaphyrizs-4d inverted and protons of the inverted ring are experiencing
were synthesized in 15—20% yield through oxidative cou- the ring current of the macrocycle. One can envisage two
pling reactions obcor 5d with 7b or 7d in dichloromethane  possibilities as to which of the thiophene rings is inverted.
containing 2 equiv of TFA, where the two pyrreteyrrole They are (a) the central thiophene ring of the terthiophene
links were formed at the final step through-a coupling® unit or (b) one of the terminal thiophenes of the terthiophene

The compositions of the heptaphyri@s 3, and4 were unit or the thiophene ring of the bithiophene unit containing
established from the FAB mass spectra and the analyticalthe ee’protons. The inversion of the central thiophene ring
data. The solution structure was arrived at by a detailed containing the aaprotons is ruled out on the basis of the
analysis of proton NMR spectra. For the complete assignmentsymmetry considerations. Such a ring inversion leads to the
of all the peaks, 2D H,H-Cosy was required. As a represen- presence of a symmetry axis passing through the central S
tative example, théH NMR spectra of3a along with the atom and center of the opposite bithiophene rings containing
correlations observed in H,H-Cosy in the aromatic region the dd'and ee'protons, which would result in fewer peaks
and in the shielded region are shown in Figure 1. There arein the NMR spectrum than observed. This leads to the
possibility where either of the thiophene rings containing
the cc'or bb' protons is inverted and such a ring inversion
would lead to lowering of the symmetry of the molecule
leading to the inequivalence of all the thiophene protons as
observed. The possibility of inversion of thiophene ring
containing ee'protons is ruled out on the basis of our
previous work on rubyrin and the structure of modified
tripyrromethanes, where the ring inversion was observed in
the tripyrromethane moiety itself. Such a ring inversion
has been observed earlier by othérand us for the
sapphyrins and modified rubyrins containing meso aryl
substituents.

The chemical shifts of the inverted thiophene ring protons
were found to be dependent on temperature, and at lower
temperatures these protons are shifted further upfield. A
variable temperature spectral study for these proton8dor
suggests that the inverted thiophene ring is experiencing a
slow rotation on the NMR time scale, and the further
shielding observed for these protons at lower temperature
suggests that these protons are exposed to the ring current
of the macrocycle. The protonation of the pyrrole nitrogens
by a careful titration of TFA leads to a downfield shift of

) ' 3 pyrrole, thiophene, and bithiophene protons, while the
= & . protons of the inverted ring shift further upfield. For example,
[ ¢ 3 for diprotonated3d, the inverted ring protons resonate
= : between—3 to —4 ppm (relative tot+0.6 to—0.75 ppm for
8

G 8 the free base) and the NH protons resonate as two individual
singlets in the region—-4 to —5 ppm. This observation
suggests that upon protonation the inverted ring becomes
Figure 1. 'H NMR spectrum o8ain CDCls: (a) in the aromatic more planar and feels the effect of the ring current of the

region. The inset shows the high-field region. (b) 2D H,H-Cosy in macrocycle. TheAd values (the chemical shift difference
the aromatic and the shielded region. The correlations are shown
by dotted lines. (8) (a) Narayanan, S. J.; Sridevi, B.; Chandrashekar, T. K.; Vij, A.; Roy,
R. Angew. Chem., Int. EAL998,37, 3394. (b) Narayanan, S. J.; Sridevi,
B.; Chandrashekar, T. K.; Vij, A.; Roy, R. Am. Chem. S0d4.999,121,
9053. (c) Srinivasan, A.; Mahajan, S.; Pushpan, S. K.; Kumar, M. R;
; ; : Chandrashekar, T. Kletrahedron Lett1998,39, 1961. (d) Narayanan, S.
10ﬁ'CH protons on the thlophene rngs. Elght of them'(aa J.; Sridevi, B.; Chandrashekar, T. K.; Englich, U.; Senge, KORy. Lett.

bb’, dd, and e8 resonate in the aromatic region between 19991, 587.

AL

9.2 and 10.2 ppm, and the remaining two proton§ @opear (9 Lash, T. D.; Chaney, S. T.; Ritcher, D. 1. Org. Chem1998,63,
as two doublets in the shielded region between5 to—1.5 (10) Srinivasan, A.; Pushpan, S. K.; Kumar, M. R.; Chandrashekar, T.

ppm. The pyrrole protons (ffand gg') also appear as K.;(lRf)y,LR-Tegahedrokr]lfz99é55hl667_l- Chern. Eur. 11651, 68, (b)
T . . atos-Graznyski, L.; Rachlewicz, iChem. Eur. ,1, 68.
individual doublets in the region 8.5 to 8.2 ppm. These Sessler, J. L.; Seidel, D.; Bucher, C.; Lynch, ¥.Chem. Soc., Chem.

assignments were made on the basis of the correlation seecommun2000, 1473.
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between the inner and the outer protons) for the protonatedcomparison of these values with the corresponding rubyrins
derivatives vary in the range 13—17 ppm (for example, for shows red shift of absorption bands, in agreement with the
3b, 16.6 ppm;3c, 15.9 ppm;3d, 15.8 ppm), clearly  extended conjugatio®.These absorption bands are also red
suggesting the aromatic nature of the heptaphyrins and alscshifted relative tol, reflecting the effect of heteroatom
accounting for the presence of B@lectrons according to  substitution. The: value of the free base form is about six
the 4n+ 2 rule.To the best of our knowledge these are the times higher than that observed fbrProtonation by addition
first examples of meso aryl expanded porphyrins containing of a dilute solution of TFA in dichloromethane leads to
seven heterocyclic rings ling an inverted structure and  further red shifting of the Soret and Q-bands; this effect is
displaying aromaticity. typical of meso tetra aryl porphyrirfsAdditional evidence

Further proof of the aromaticity comes from the electronic for the aromatic character comes from the preliminary cyclic
absorption spectral studies. The spectra for free base andioltametric studies.3b and 3d exhibit two reversible
protonated forms of8b shown in Figure 2 indicates the reductions and two irreversible oxidations. A comparison of

these data with corresponding tetra aryl porphyrin suggests

I the stabilization of LUMO's of3b and 3d by 440 and 470
mV, respectively. An estimated HOMO—LUMO gap of
1.29V for 3b and 1.38V for3d indicates a significant
reduction relative to meso aryl rubyrin and sapphyrin (for
sapphyrin it is—1.88 V and for rubyrin it is—1.64 V), thus
explaining large red shifts observed in the electronic
spectrunt?2

In conclusion, we have successfully synthesized the first
examples of aromatic meso aryl 8heptaphyrins which
exhibit three different types of inverted structures.
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presence of intense Soret type bands in the regior-580
nm and four Q-bands in the region of 750100 nm. A 0OL000251C
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