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Unique core-modified porphyrinoids, such as oxabenziporphyrins, oxapyriporphyrins, and thiapyriporphyrins, bearing exocyclic C —C double
bonds at meso-positions, have been synthesized and characterized. The synthesis was accomplished by utilizing typical “3 +1"-type condensation.

Two different stable tautomeric forms were isolated, and the two tautomeric forms can be interconvertible upon treatment with base. In
contrast, only the structure bearing an exocyclic double bond was isolated in the case of oxapyriporphyrin and oxabenziporphyrin.

Recently, many structural surrogates of porphyrins, including porphyrin-like macroaromatic properties, presumably reflect-
porphyrin isomers, porphyrin analogues, and expandeding the fact that the full conjugation pathway is broken. In
porphyrins, have been reported. One of the incentives for fact, it was found empirically that the presence of tautomer-
this work has been a desire to understand better the electroniézable functional groups is essential and required to maintain
features of porphyrin-related macrocycles. Various core- aromaticity’ Although these and other kinds of porphyrinoids
modified porphyrinoids, including carbaporphyrindidsd have been studied extensively, so far, much less attention
their metal complexedpyridine-containing porphyrinoids, has been paid to porphyrinoids bearing exocyclie @
and thia- or oxaporphyrinoidshave been synthesized and double bonds at multiplsesepositions. The first structurally
studied. As a result of these efforts, it was found that the characterized porphyrinoid bearing four carbonyl groups at
benziporphyrins and pyriporphyrinébearing a benzene or  themesepositions, the so-called “xanthoporphinogen”, was
pyridine subunit as a part of the core structure did not exhibit reported in 1978. The Ni(ll) complexes of 5,10,15,20-
tetraisopropylporphyrin containing exocyclic methylefies,
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droxyphenyl)porphyrirt? and tetrameso-methyleneporphy-
rinogert! have also been reported. Scheme 2
The novel features of these modified porphyrinoids have

inspired us to synthesize new porphyrin analogues bearing ESZWS?E
stable exocyclic double bonds at the multipieso-positions. ’ 4(X=CH) ’
In this context, we noted that benziporphyrinoids or pyri- S(X=N
porphyrinoids bearing exocyclic double bonds at multiple
meso-positions would represent interesting targets. Such

systems would be excellent model systems with which to HW:h

. . .. EtO,C > CO,Et PH
study the relationship between macroaromaticity and the coc | ot s
stabilizing effects of substituents mteso-positions. Accord- ’ T
H H

pyrrole ] TFA or InCly

H . . . = 1. TFA, NH,CI, CH;CN

ingly, we report here the synthesis, isolation of each = = 2.0DQ, TEA

tautomeric form, and spectroscopic properties of several 6 (X=CH) 83% 10 (X=CH) 20%
porphyrinoid analogues bearing multiple exocyclic double TX=N 7% 1 (X =N) 19%

bonds. The placement of these exocyclic double bonds at
multiple meso-positions serves to destroy full macrocyclic
conjugation, and the compounds have proven to be rather The carbinol8 (or 9) was synthesized by treating furan
unstable with many tautomeric forms apparently coexisting. (or thiophene) witm-butyllithium, followed by the addition
Benziporphyrin is well-known as being a nonaromatic of benzaldehyde gr-tolualdehydé? With this building block
porphyrinoid, a finding that is ascribed to the interruption in hand, an effort was made to condeseith 8 to obtain
in the conjugation pathway caused by a benzene méiety. the corresponding macrocycle. A solution ®fand 8 in
On the basis of this important precedence, it is predicted acetonitrile was thus treated with trifluoroacetic acid and then
that the presence of a six-membered ring, combined with subjected to subsequent oxidation with DDQ); this afforded
exocyclic double bonds off the macrocycle, will act to the desired oxabenziporphyri® in 20% yield.
destabilize the wholer-system with the consequence that  The expanded macrocycle formed by the condensation of
the system should show even greater distortion from planar-two molecules of6 with two carbinols 8 bearing four
ity. exocyclic double bonds was also isolated in lower yield. On
the other hand, a similar condensation involvingnd 8
afforded only the oxapyriporphyrifil in 19% yield.
Scheme 1 Compounds10 and 11 were not expected to exhibit
R R R R R R aromatic properties. Similarly, the diethyl malonate groups
/RORN e at themesopositions were expected to reside above or below
the mean plane of the macrocycle. Moreover, the benzene
and pyridine moieties in0 and 11 were expected to be
distorted significantly in order to reduce steric interactions
with the nearby diethyl malonate groups. The proton NMR
spectrum ofl1revealed the presence of a pyrrole NH signal
at 8.09 ppm, a chemical shift that is typical for an unsub-
stituted pyrrole. The™®C NMR spectrum also revealed
features, a total of 21 carbon signals were observed that were
The desired porphyrinoids—3 can be synthesized via the consistent with the symmetric character of the macrocycle.
well-known “3+1" strategy starting from tripyrrane ana- Similar condensations betwe@rand 9 were carried out
logues and appropriate furan (or thiophene) diols. As shown using conditions identical to those used to genetatethis
in Scheme 2, 2,6-bisvinyl derivativesand5, obtained by  afforded a mixture of products, namel$2 and 13 in 10
aldol condensation of diethyl malonate with 2,6-pyridinedi- and 2%, respectively, as shown in Scheme 3.
carboxaldehyde or isophthalaldehydeyere converted to The expanded macrocycle formed by the condensation of
the corresponding tripyrrane analogéesnd? in high yield. two molecules of7 with two carbinols9 was also isolated
Many different conditions were tested in an effort to optimize in trace amount. The two tautomeric formk2 and 13,
this latter condensation, and it was found that the highest produced in this way proved to be very stable under
yield of 6 was obtained when In@Was used as the catalyst. conditions of column chromatography. They could thus be
On the other hand, TFA gave the highest yield7ofVhile separated, isolated, and fully characterized using normal
these reactions afforded a single regioisomer in good yield, spectroscopic means. The two tautomers showed unique
it is important to appreciate that the proton NMR spectra of signals in proton NMR spectra. For example, the resonance
6 and7 revealed the existence of two diastereomeric forms. of the pyrroleNHs was clearly observed at 8.63 ppmili2,
while no NH signal was observed in the casel8f Rather,
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observed at 5.18 ppm as a singlet (Figure 1). When
macrocyclel2 was treated with base (EtOH/Et]) conver-
sion to 13 was observed along with significant decomposi-
tion.

C-H
* Figure 2. Solid-state structures of (a) oxabenziporphytthand
(b) oxapyriporphyrin 11, as deduced from X-ray diffraction
l analyses. The compounds adopt severely twisted, saddle-shaped
P S conformations, with the benzene (or pyridine) ring lying almost

) ) perpendicular to the mean plane of the macrocycle.
Figure 1. Selected region of théH NMR spectra of each

tautomer: 12 (top trace taken at 28C) and13 (bottom trace taken - . .
at 0°C) in CDCh,. theless, the benzene (or pyridine) moiety was found to lie
almost perpendicular to the mean plane of the macrocycle.

On the basis of the experimental findings, we propose that

Extensive efforts to obtain single crystals of synthesized aPpreciable conjugation must exist between the two pyrroles
macrocydes .Were success_ful, af‘d the suitable CryStals fordiffractometer equipped with a graphite monochromated Mo K =

X-ray analysis were obtained in the case of both the (.71073 A) radiation, operating at 50 kV and 30 mA and a CCD detector;

oxabenziporphyrinl0 and the oxapyriporphyrirll. The 45 frames of two-dimensional diffraction images were collected and

. . . processed to obtain the cell parameters and orientation matrix. All data
resulting structures, shown in Figure 2, reveal a severely cyjiections were performed at 173(2) K. The data collectiénahges for

puckered conformation in both instances that are best10and11 are 3.68—56.52 and 3.1%6.5°, respectively. No significant

; ; ; _ decay was observed during the data collection. The raw data were processed
described in terms of an asymmetric saddle sHéptone to give structure factors using the SAINT program. The structure was solved

by direct methods and refined by full matrix least squares agBffstr all

(14) Crystal data forl0: CagH42N2Og, triclinic, space grouPi, a = data using SHELXTL software (version 5.1%)All non-hydrogen atoms
12.5773(13) Ab = 13.0527(14) Ac = 14.9394(16) Ao = 103.581(2)°, in both compounds were anisotropically refined. All other hydrogen atoms
B =103.794(2)°y = 113.814(2)°V = 2022.1(4) B, T=173(2) K,Z = were included in the calculated positions and were refined by using a riding
2, GOF onF2 = 0.941,R; (I > 20(l)) = 0.0574,wR2= 0.1183. Crystal model. Crystallographic data for the structure reported here have been
data for11l: Cy7H41N3O, triclinic, space groufi, a= 12.1293(7) Ab = deposited with the Cambridge Crystallographic Data Centre (Deposition
13.3588(8) Ac = 13.7337(8) A.a = 68.8260(10)° = 83.0250(10)°y No. CCDC-294116 fol0; Deposition No. CCDC-294115 fdd). The data
= 75.2970(10)°V = 2006.0(2) B, T=173(2) K,Z = 2, GOF onF2 = can be obtained free of charge via http://www.ccdc.cam.ac.uk./perl/catreq/

0.911,R; (I > 20(l)) = 0.0610,wR2= 0.1359. The crystals of both 1332  catreq.cgi (or from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK,
and 1342 were attached to glass fibers and mounted on a Bruker SMART fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk).
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and the furan moiety. The puckered geometry appears toand third protonation sites are tleecarbon on one of the
originate from the steric congestion between the diethyl diethyl malonyl groups. The appearance of a resonance line
malonyl groups and the benzene (or pyridine) ring. This has at 5.51 ppm is clearly supportive for this conclusion.

the consequence of conformational locking of the system When the resulting strongly acidic solution was treated
that precludes through conjugation of entire double bonds. with an excess of base (triethylamine), the original free-base

All the porphyrins bearing exocyclic double bonds seem spectrum was fully restored, indicating that the protonation
to be stable. For example, the solution of porphykinin is reversible.

CH.CI, was titrated with trifluoroacetic acid, and the These results are best interpreted in terms of a situation
absorption of the Soret-like band that appeared at 392 nm iswhere the combination of bulkgneso-substituents and an
gradually increased with a gradual red shift. The Q-bands endocyclic pyridine moiety serves to suppress the tautomer-
shown at 539 nm completely disappeared, and a newization. Instead, the protonation at thepositions of the
absorption peak was seen to grow in at 778 nm with clear diethyl malonyl groups would release the steric congestion,
isosbestic points (Figure 3). The color of the solution changesand consequently, the system becomes a macroaromatic 22
system (Figure 3).

In summary, we have demonstrated timgsealkylidenyl
porphyrins can be prepared and isolated by the simple

Oy OEt  Et0._0 o o expedient of introducing bulky, electron-withdrawing groups
RN /~° o JeH Ha o at the bridgingnesepositions in combination with the proper
B s O Ot core modifications. The structures of the resulting porphyrins
are consistent with a nonaromatic and partially conjugated
Ar Ar Ar Ar electronic structure and with a severely distorted benzene
(or pyridine) moiety. The exocyclic tautomdrl can be
reversibly converted to a protonated endocyclic aromatic
macrocycle upon treatment with acid. Original exocyclic
form is fully recovered upon treatment with base (triethy-
lamine).

The synthetic approach presented here may allow system-
atic studies of the interplay between aromaticity and distor-
tion in heterocyclic aromatic systems. A further potential
benefit of the synthetic approach described here is that it
should be amenable to future modification through, for
example, the introduction of linking units, expansion of ring
0.0 size, or formation of metal complexes. Works along these
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