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Red-shifted porphyrinoid chromophores have been the subject
of extensive studies over the last few years. This is due in part
to their potential utility as photosensitizers in photodynamic
therapy (PDT). However, these pigments have many additional
applications including uses as fluorescent probes and near-
infrared dyes, and as components of photosynthetic antenna
arrays? A number of approaches for the construction of
porphyrinoid systems with high-wavelength absorptions have
been reported, including the synthesis of expanded porphirins,

porphyrin linkage isomers,and heterocyclic analogs.The
intriguing observation that sterically crowded (and hence

distorted) porphyrin structures, such as dodecaphenylporphyrin
1, have significantly red-shifted major absorption bands provides

an alternative avenue to systems of this typ&Ve have

previously investigated the influence of fused aromatic subunits

on the porphyrin chromophorel® Regretfully, the influence

of one or more fused naphthalehghenanthren&,or 1,10-
phenanthrolingrings gave surprisingly small red shifts in the
UV —vis absorption spectra, and even the highly symmetrical
tetraphenanthroporphyrihshowed smaller bathochromic shifts

than might have been expect®d! Indeed, these fused

aromatic ring systems behave more like auxochromes than par

of truly extended chromophorésWe have now extended our

investigations to encompass the synthesis of tetraacenaphtho

(1) Brown, S. B.; Truscott, T. @Chem. Br.1993 29, 955. Dolphin, D.
Can. J. Chem1994 72, 1005. Bonnett, RChem. Soc. Re 1995 24, 19.

(2) E.g., see: Prathapan, S.; Johnson, T. E.; Lindsey,J1./A8n. Chem.
Soc.1994 115 7519.

(3) Sessler, J. L.; Burrell, A. KTop. Curr. Chem1991, 161, 177-273.
Franck, B.; Nonn, AAngew. Chem., Int. Ed. Endl995 34, 1795.

(4) E.g., see: Vogel, E.; Kocher, M.; Schmickler, H.; Lex,Ahgew.
Chem., Int. Ed. Engl1986 25, 257. Chmielewski, P. J.; Latos-Grazynski,
L.; Rachlewicz, K.; Glowiak, TAngew. Chem., Int. Ed. Engl994 33
779. Furuta, H.; Asano, T.; Ogawa, J.Am. Chem. S0d.994 116 767.

(5) Broadhurst, M. J.; Grigg, R.; Johnson, A. W.Chem. Soc. @971
3681. Vogel, E.; Haas, W.; Knipp, B.; Lex, J.; Schmickler, Ahgew.
Chem., Int. Ed. Engl1988 27, 406. Lash, T. DAngew. Chem., Int. Ed.
Engl. 1995 34, 2533.

(6) (a) Shelnutt, J. A.; Medforth, C. J.; Berber, M. D.; Barkigia, K. M.;
Smith, K. M.J. Am. Chem. So&991, 113 4077. (b) Medforth, C. J.; Senge,
M. O.; Smith, K. M.; Sparks, L. D.; Shelnutt, J. A. Am. Chem. Soc.
1992 114, 9859.

(7) () Lash, T. DEnergy Fuelsl993 7, 166. (b) Lash, T. D.; Roper,
T. J. Tetrahedron Lett.1994 35, 7715. c. Lash, T. D.; Denny, C. P.
Tetrahedron1995 51, 59.

(8) Lash, T. D.; Novak, B. HTetrahedron Lett1995 36, 4381.

(9) Lin, Y.; Lash, T. D.Tetrahedron Lett1995 36, 9441.

(10) Lash, T. D.; Novak, B. HAngew. Chem., Int. Ed. Engl995 34,
683.

(11) Lash, T. D.; Novak, B. H.; Lin, YTetrahedron Lett1994 35, 2493.

S0002-7863(96)01227-9 CCC: $12.00

porphyrins and report, in striking contrast to the previous studies,
on the extraordinarily red-shifted UWis absorption spectra
exhibited by these tetraannelated porphyrins.

Nitroarenes that have a significant amount of nitroalkene
character have been shown to condense with esters of isocy-
anoacetic acid in the presence of a non-nucleophilic base to
give polycyclic c-annelated pyrrole¥.*® For instance, 9-ni-
trophenanthrene afforded phenanthropyrroles in excellent yields,
and these tetracycles were utilized in our syntheses of phenan-
throporphyrins (e.g.2).81° Similarly, 1-nitroacenaphthylene,
obtained by nitrating acenaphthylene with nitryl chloride in
carbon tetrachloride at 0C,*4 condensed with ethyl otert-
butyl isocyanoacetate in the presence of DBU to give acenaph-
thopyrroles3 in good yields (Scheme 1). Reduction3#with
lithium aluminum hydride afforded the related carbingl
(Scheme 2). Following the same procedure used in the
preparation of tetraphenanthroporphy2itf 4 was treated with
boron trifluoride etherate in chloroform, stirred at room tem-

erature for 2 h, and oxidized with 2,3-dichloro-5,6-dicyano-

,4-benzoquinone (DDQ). Following workup, the highly
insoluble porphyrin5 was obtained in impure form and low
yield (approximately 5%). The new porphyrin system was
somewhat soluble in TFAchloroform, producing green solu-
tions of the corresponding dicatioBH,2*. The UV-vis
spectrum for the dication showed absorptions that were shifted
to unusually high wavelengths; the Soret band appeared at 525
nm, and two smaller bands were evident at 628 and 701 nm.

Although the low yields and purity obtained f& were
disappointing at best, the remarkable bathochromic shifts
exhibited for the corresponding dicati&ii,>+ suggested that
the acenaphthylene ring system is particularly effective at
inducing desirable long-wavelength absorptions. In order to
further investigate this phenomenon, the relatezsetetraphe-
nylporphyrin6 was targeted for synthesis (Scheme 3). It was
anticipated that there would be sufficient room for phenyl groups
to be sandwiched between the acenaphthylene rings. As the
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phenyl groups will be unable to lie in the same plane as the
porphyrin macrocycle, they should disrupt intermoleculatr
stacking and hence might have the added advantage of imbuin
the compound with significantly increased solubility.

Treatment of3a with potassium hydroxide in refluxing
ethylene glycol afforded the unsubstituted acenaphthopyrrole
7in 70—83% yield. Reaction with 1 equiv of benzaldehyde in
de-ethanolated chloroform, using boron trifluoride as a cata-
lyst, 1015 gave the porphyrinoge®. Dehydrogenation with
DDQ, followed by chromatography on silica eluting with 1%
triethylamine-chloroform and recrystallization from chloroform
methanol, gave the desired tetraphenyltetraacenaphthoporphyri
6 in 24—43% vyield. The presence of trace ethanol slightly
decreased the yield 08, in contrast to observations noted
previously for the tetraphenanthroporphydni® The product
gave violet solutions in organic solvents and crystallized as a
dark green flaky solid.

The structure ob was demonstrated by mass spectrometry,
proton NMR, carbon-13 NMR, IR, and UWis spectroscopy.
The proton NMR spectrum for the dicatidH,2" in TFA—
deuteriochloroform showed an upfield doublet for eight acenaph-
thylene protons at 6.1 ppm; this abnormal degree of shielding
is consistent with these protons lying over the top ofrtiese
phenyl substituents. Thertho protons of the phenyl substi-

tuents are directed toward the porphyrin macrocycle and are

consequently deshielded by the macrocyclic ring current, giving
a doublet for 8H at close to 9 ppm. The remaining protons fell
into a typical aromatic range, with chemical shifts lying between
7.2 and 8.2 ppm. Carbon-13 NMR spectroscopy in A

CDCl3 showed the presence of 13 aromatic carbon resonances

confirming the high level of symmetry in this 84-carbon system.
The structure was further supported by FAB MS, which gave
the expected [M+ H]* peak atm/z1111.

The 300 MHz proton NMR spectrum for the sparingly soluble
free base in deuteriochloroform also confirmed the structure of
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Figure 1. (A) UV-—vis spectrum of tetraphenyltetraacenaphtho-
porphyrin6 in chloroform. (B) UV—vis spectrum o6 in 0.5% TFA—
chloroform (dication).

and appeared as a broadened doublet at 5.71 ppm. Computer
simulations suggest th& favors a distorted saddle-shaped

%onformation which can undergo a macrocyclic inversion

process (this has been previously demonstfdteciodecaphe-
nylporphyrin1). For the NMR data to be consistent with this
conformer, saddle to saddle inversion and NH tautomerization
at room temperature must be rapid on the NMR time scale. In
variable-temperature NMR studies, the resonances for the
o-phenyl and acenaphthylene, Igrotons broadened at TC,

and split into two pairs of doublets at60 °C; these data were
consistent with a coincidental slowing of both macrocyclic ring

Mnversion and NH tautomerization.

The UV—vis spectrum of6 in chloroform showed a Soret
band at 556 nm, together with several smaller absorptions (Q
bands) that extended into the near-infrared region (Figure 1).
The Soret band is shifted by over 140 nm comparethése
tetraphenylporphyrin, and this represents the largest bathochro-
mic shift ever observed for a nonexpanded porphyrin system.
While the macrocyclic distortion i% no doubt contributes to
these remarkable shifts, the Soret band for the highly crowded
porphyrin systenil was only red shifted to 468 nfi. This
implies that the effect is primarily due to conjugation between
the porphyrin core and the four fused acenaphthylene subunits.
In 0.5% TFA—chloroform, the dicatioftH,?" showed a Soret
band at 565 nm (compared to 490 nm fi¢t,?"), and several
additional absorptions were present at longer wavelengths
(Figure 1).

This study demonstrates that the presence of fused acenaph-
thylene rings produces a profound disturbance to the core
porphyrin electronic spectrum which results in record-breaking
bathochromic shifts for the tetraacenaphthoporphyrins. There
is every expectation that these novel tetrapyrroles will stimulate
considerable interest, and syntheses of related structures are
currently under investigation.
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