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ABSTRACT

Core-modified aromatic decaphyrins with 42 & conjugated electrons exhibit the highest two-photon absorption cross-section value ( o, =
108 000 GM) known for any organic molecule, suggesting possible device applications in the field of nonlinear optics.

Currently, intense research efforts have been geared towardrder nonlinear properties. Easy processability into thin films,
the development of materials that enhance optical com- ease of chemical modifications, structural diversity, and bulk
munications, data storage, and optical signal processing.optical nonlinearity are some of the advantages of these
These materials possess nonlinear optical (NLO) propertiesorganic molecules over the conventionally used semiconduc-
since light that passes through them is not reflected or tors.
refracted with the same energy as that of the incident fight.  Porphyins and expanded porphyrins are one class of
Materials with large third-order optical nonlinearities have organic molecules which has attracted the attention of the
recently attracted the attention of chem#tdany z-con- organic chemists for nonlinear optical applications. They are
jugated organic molecules that exhibit decent two-photon exceptionally stable and have largeconjugated electrons
absorption cross-section (TPACS) values have been recentlyin the aromatic pathway. In this context, several porphyrin
reportec? Conjugated polyacetylenes and poythiophenes andgeometries have been found to display small to moderate
various semiconductors are being currently tested for third- TPACS values$.Recent work from this laboratory has shown

T indian Institute of Technology that increasing number ot electrons in the gonjugated

 Present address: Regional Research Laboratory, Trviandrum 695019 Pathway can enhance the TPACS values considefalifie
Tri\§/aBr:SrkLér:1i r:QiciliaS'cientifiC ovt. Lid enhan_ced _TPACS values_ are attrlbuteq to the large cyclic
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Scheme 1. [5 + 5] Acid-Catalyzed Condensation of Modified Pentapyrranes
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an increase in the number of heteroatoms such as sulfur andnass spectra show the free base composition of the macro-
selenium in the macrocyclic core. cycles. The UV-vis spectra of these macrocycles show a
In this context, we wish to report the syntheses of broad Soret-type band at 542 nen 1.01x 1® M~1cm™?)

expanded porphyrin macrocycles containing 42ectrons. and a Q-band like absorption at 750 nm. The broad band
Expanded porphyrins containing 10 heterocyclic rings in indicates non planar nature of the macrocycle. Figure 1 shows
conjugation are termed decaphyrins in the literature. A few
decaphyrin systems reported exhibit figure eight conforma-
tions, thus losing aromatic characteence, synthesis of
aromatic decaphyrins is still a synthetic challenge.

Mes

The traditional synthetic methodologies known in the o —— Freebase
literature for expanded porphyrins in all cases lead to various 0.8+ P Protonated
kinds of side product§In this context, our synthetic strategy 074 ' '

for expanded core-modified porphyrins bearing six, seven,

and eight heterocyclic rings connected through reigse

links have the merit of isolation of a single desired product

with near-quantitative yiel@.Thus, to realize this synthetic

strategy and to add further a new member to the expanded

porphyrin family, core-modified decaphyrins with shese

links 2 and3have been achieved via an acid-catalyzed-[5

5] MacDonald condensation of modified pentapyrrane

containingmesemesityl substituents with electron-withdraw- ]

ing aryl aldehyde-like pentafluorobenzaldehyde and electron- o0 so0 | eoo . 700 m0 | 9bo 1000 1100

releasing aryl aldehyde-like trimethoxybenzaldehyde (Scheme Wavelength (nm)

1). Under our reaction conditions, when 1 equiv of the

modified pentapyrrane was condensed with 1 equiv of the Figure 1. UV—vis spectra of2 and its protonated derivative.

corresponding aryl aldehydes in the presence of 0.5 equiv

of p-tolylsulfonic acid catalyst (0.1 equiv of methanesulfonic .

acid) followed by chloranil oxidation, the desired products, the UV—vis spectra of free base and protonated forn2 of

i.e., modified decaphyrin® and 3, were obtained in 11% @S @ typical example. A comparison of this spectral observa-

and 8% yield, respectively. tion with |_ts lower congeners, i.e., modified hexaphyrln,
The characterization of these novel macrocycles has beer’€Ptaphyrin, and octaphyrin analogdesyveals a red shift

confirmed from various spectroscopic techniques. The FAB 1N absorption clearly depicting an increaseritonjugation
upon going from 26 to 42s. Furthermore, upon complete
(5) Rath, H.; Sankar, J.; Prabhuraja, V.; Chandrashekar, T. K.; Nag, A.; protonation, there is a 185 nm red shift in the Soret band
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Chem., int. Ed. EnglL994 33, 1509. (b) Sessler, J. L.: Seidel, D.; Gebauer, core-modified expanded porphyrifisAll together, these
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obtained upon lowering the temperature to 218 K for this phyrin analogues with simeselinks® were found to exhibit
macrocycle in strong support to the well-known fact that 15% lower TPACS values relative to34ctaphyring. These
larger macrocycles exhibit conformational flexibility; hence, core-modified heptaphyrfhiand octaphyrif? analogues with

at room temperature, well-resolved peaks could hardly be six meselinks exhibit nonplanar structures in the solid state,
obtained (see the Supporting Information). The peaks in thewhereas the solution state properties unequivocally show
region 6-6.5 ppm have been assigned to the phenyl protons aromaticity in these macrocycles. Our core-modified deca-
of the meso-mesityl rings, whereas the peaks in the region phyrin analogue2 and3 are found to be nonplanar as judged
1.8—2.4 ppm have been assigned to the methyl protons offrom theoretically structure optimization, but nevertheless,
themesemesityl substituents. The singlets in the region-6.8  aromaticity is assured in solution state; thus, these two
12 ppm are mainly due to thi®2CH protons of the heterocylic  macrocycles are expected to show still higher TPACS values
units. substituents. Absence of any correlation in the COSY compared to 34:octaphyrin analogues. The open aperture
spectra prevented us from assigning the signals for theZ-scan traces fo2 shown in Figure 3 reveal, values of
respectivgs-CH protons of the heterocyclic units. ButA#
value of 10.8 ppm for the chemical shift difference between
the most deshielded proton resonance and the most shielded

proton resonance is the strong evidence for the aromatic 14
nature of this macrocycle in the solution.
Our efforts in obtaining a single crystal of X-ray quality 12r ]

were not successful; hence, geometry optimization has been
done with the Gaussian 98 suite of programs at the B3LYP/

3-21G level of density functional theo¥y Figure 2 shows
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Figure 3. Open aperture Z-scan tracesfThe solid line shows
the best fitted curves of experimental data.

108 000 GM for2 and 106 600 GM for3 with respect to
Rhodamine-6G reference. The measurement technique is
Figure 2. Theoretically optimized structure f@. exactly the one reported by Bd.hese values represent the
largest ever value known for any organic molecules reported
_ ] to date to the best of our knowledge and are undoubtedly in
the proposed structure with nonplanar geometry taking  strong support to our hypothesis for enhancing the absolute
typical example. Out of two terthiophene moieties in the TpacCsS values.

macrocycle, two thiophene rings in one of the terthiophene |, conclusion, an analysis of the solid-state structure for

unit are in\{ertfed with torsional angle SE:—C—SZ; 145, 307 heptaphyring® 34z octaphyrin$? and the geometry-
_ .Recent.flndlngs from our laboratdrizave esta.bllshed.that optimized structure for 42sdecaphyrins2 and 3 reveal
it is possible to enhance TPACS values by increasing the jnieresting correlation. All these macrocycles exhibit typical
number ofz-electrons in conjugation, increasing the number onpjanar structure in solid state suggesting disruption of
of heteroatoms such as thiophene and selenophene in thgne conjugation whereas aromaticity in these macrocycles
core of macrocycle. In this context, core-modified hepta- js assured in the solution state through various spectroscopic
) _ analyses. It is thus obvious that there is conformational
(20) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, . . .
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.; change on going _from the solid state to th? _50|Ut|0n state
Stratmémn, R. E.; Burant, J. C.;. Dkapprich, S.; Millam, J. M.; Daniels, A. due to the flexibility of the macrocycles arising from an
D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, : : :
M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; increase in number cmgs_elmks. Thus, we propose tha_‘t
Ochterski, J. Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, these macrocycles exhibit a planar structure in solution,
D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; ilitati ici i
V. Ortiz, J. Baboul, A. G.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, faC|I|tat|ng aromaticity an.d hence resultlng unusua”y Iarge
P.; Komaromi, I.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T; Al- 02 values. (We would like to emphasize here that the
kﬂar@mbMﬁ A PeBng,Cﬁ. YW Na{/f\]/ayakkﬁr%v A'A thallagor[]b% M.; .G'”'E' optimized structure reported here for compo@mrépresents
. ., Jonnson, B.; en, ., wong, M. ., Andres, J. L.; Gonzalez, C.; .
Head-Gordon, M. Replogie, E. S.: Pople, J Gaussian 98Revision A9, the gas-phase geometry and not the exact solid structure.
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standing of promising candidates toward effective NLO

susceptjbility. Several intere.stin.g core-modified expanded Supporting Information Available: Experimental pro-
porphyrins are underway to justify such a hypothesis. cedures and characterization ®fand 3. This material is
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