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Reaction of 4-hydroxyisophthalaldehyde with excess phenyl magnesium bromide gave a dicarbinol and this condensed with pyrrole and

aromatic aldehydes in the presence of BF  3-Et,0 to afford, following oxidation with DDQ, novel tetraarylcarbaporphyrinoids in 10 —24% vyield.
Further reaction with silver(l) acetate or gold(lll) acetate gave stable organometallic derivatives that retained the aromatic characteristics of

the parent macrocycle.

Oxybenziporphyrinl (Scheme 1) was the first reported dianionic ligand for palladium(ll) derivative’s.Diverse

example of an aromatic carbaporphyrinoid systefiThis carbaporphyrinoid systems have now been synthesized and
porphyrin-like macrocycle was prepared by a 3 1" many of these form stable organometallic derivatives under
MacDonald-type condensatibaf a tripyrrane2 with 4-hy- mild conditions®~*! This chemistry parallels studies on the

droxyisophthalaldehyde (3) in the presence of TFA in better known N-confused porphyridsvhich share the same
dichloromethane, followed by oxidation with DDQ. The
benzene unit takes on semiquinoid charactet,iallowing

. A
the macrocycle to have an A&lectron delocalization N O v
pathway> Oxybenziporphyrinsl have been shown to act | Q
both as trianionic ligands, giving silver(lll) organometallic Ar Ar Ar Ar

derivatives in reactions with silver(l) acet&teand as a
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for study. In addition,meso-tetraaryl-substituted porphy-
rinoids may possess greater stability and superior solubility
characteristic$> Recently, we demonstrated that azulipor-
phyrins5 can be synthesized in good yields in a one pot-

procedure by reacting azulene with pyrrole and benzaldehyde

in the presence of BFELO followed by oxidation with
DDQ.' Oxidative ring contractions with alkaline solutions
of tert-butyl hydroperoxide gave the related benzocarbap-
orphyrins!® Others have shown that benzene dicarbirls
react with pyrrole and benzaldehyde under similar conditions
to give tetraphenylbenziporphyrita,’® and we have adapted
this approach to the synthesis of dimethoxybenziporphyrins
7b and 7c!” However, no direct routes to the aromatic
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romethane or chloroform in the presence of ;#%0,
followed by oxidation with DDQ. Althougt8 was formed

oxybenziporphyrins have been reported and this has severelywith either solvent, superior results were obtained with

limited studies on the chemistry of this important carbap-
orphyrinoid system.
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We now report a straightforward two-step synthesis of
tetraphenyloxybenziporphyri@ (Scheme 3). Dialdehyd@
was treated with excess phenylmagnesium bromide in
refluxing THF for 2 h, cooled to room temperature, and
treated with aqueous ammonium chloride solution to give
the dicarbinol9 in virtually quantitative yields. This was
reacted under LindseyRothemund conditiort§!® with 2
equiv of benzaldehyde and 3 equiv of pyrrole in dichlo-
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chloroform. The yield was also dependent on the concentra-
tion of catalyst, and better yields were obtained when the
amount of BRi*Et,O was doubled compared to the amounts
used to preparéb and7c. Catalytic amounts of TFA in place

of BFs°Et,O also gave some product formation, although the
yields were low compared to using the Lewis acid catalyst.
Under the best conditions, following purification by column
chromatography and recrystallization from hexanes, tetraphe-
nyloxybenziporphyrin was isolated as shiny purple crystals
in 10—13% yield. Reaction & with 4-chlorobenzaldehyde
and pyrrole gave even better results and the related bis(4-
chlorophenyl)diphenyloxybenziporphyr@b was isolated in
22—24% yield.
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Oxybenziporphyrin can potentially exist as “keto” or
“enol” tautomers8 and10, respectively, but only the former
would possess overall aromatic character. Due to the presence
of a meso-substituent so close to the oxygen atom, this
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compound cannot be completely planar and this could reducjj NN

the favorability of tautome8. Nevertheless, tetraphenyloxy-
benziporphyrin shows a powerful diamagnetic ring current ¢
in its proton NMR spectrum (Figure 1) and the internal CH
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Figure 2. UV—vis spectra of tetraphenyloxybenziporphy®ga:
8.2 8.0 7.8 7.8 7.4 7.2 7.0 6.8 ppm black line, free base in chloroform; red line, dicatibha in 1%

) TFA—chloroform.
Figure 1. Proton NMR spectrum (400 MHz) aheso-tetraphe-

nyloxybenziporphyrin8a in CDCl;. The singlet at—3 ppm
corresponds to the internal CH.

carbon-13 NMR spectra fdrlaalso showed the disappear-
ance of the carbonyl resonance. Thet\is spectra for the

appears upfield near3 ppm. As expected, the pyrrolic diprotonated species also little resembled those of true
protons are shifted downfield appearing as a series of porphyrins, showing weakened bands in the Soret region at

doublets or AB quartets between 7.9 and 8.5 ppm. The NMR 398 and 479 nm, and a broad band centered near 900 nm
data are fully consistent with the keto forBa, but the (Figure 2). Aj[tempts to observe an |ntermedlary monopro-
magnitude of the ring current is diminished compared to the tonated species2 by proton NMR or UV-vis spectroscopy
etio-type systerd, which shows the internal CH at7.2 ~ Were unsuccessful. .
ppmLs This is due to steric crowding from theeso- _Oxybenzmorphynni have pr(_awously _b_een shown to form
substituents and similar effects have been noted for tetraary-Silver(lll) complexes under mild conditiorisTetrapheny-
lazuliporphyrins and benzocarbaporphyrins. In addition, '0Xybenziporphyrin (8a) also reacted with silver(l) acetate
alkyl-substituted N-confused porphyrins show a more pro- N r.eflu.xmg pyridine to give the S|Iv§r(lll) organome'talllc
nounced diamagnetic ring current in their proton NMR derivative 13a (Scheme 4) in 42% yield. Although silver-
spectra compared to the correspondimgso-tetrasubstituted
porphyrins?®21 The presence of a carbonyl resonance at 180
ppm can be discerned in the carbon-13 NMR spectrum of Scheme 4
8ain CDCl;, and this is confirmed in the IR spectrum (KBr), o P
which shows a carbonyl absorption at 1615 énSolutions O
of oxybenziporphyrins8 in 1% EgN—chloroform gave a AGOAG
porphyrin-like UV—vis spectrum with a Soret band at 8a ——— Ph Ph
466 nm, and Q-type absorptions at 567, 716, and 782 nm or AuOAc)s
(Figure 2). T
Addition of one drop of TFA to the NMR solution &a 13 a. M = Ag(lll)
or 8b in CDCl; resulted in the formation of a new species b. M = Aulll)
that is assigned as the phenolic dicatidris The proton
NMR spectrum ofllain TFA—CDCl; showed the NH
resonances at 7.53, 8.86, and 9.20 ppm, while the CH was(|11) derivatives are known for many different carbaporphy-
observed at 4.25 ppm. In addition, the exterior pyrrolic rinoid systems, few examples of the related gold(lll)
protons were observed between 7.4 and 8.0 ppm. These datderivatives have been report&d2However 8areacted with
indicate that very little of the diatropic character associated gold(lll) acetate in pyridine at room temperature to give an
with the free base is retained in the dicationic species. Theexcellent yield of the gold(lll) porphyrinoidi3b. The

structures of these new metallo-derivatives were confirmed
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Org. Chem.2005, 3887. complex13agave orange solutions and its UVis spectrum

(21) Although the NMR data give valuable insights into the aromatic jn chloroform showed the presence of a strong Soret band
character of these porphyrin analogues, it is important to note that proton

chemical shifts are not always reliable indicators for aromaticity. See:
Wannere, C. S.; Corminboeuf, C.; Allen, W. D.; Schaefer, H. F., llI; (22) Recently, gold(lll) organometallic derivatives of hexaphyrins have
Schleyer, P. v. ROrg. Lett.2005,7, 1457. also been reported. Mori, S.; Osuka,JAAm. Chem. So2005 127, 8030.
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at 452 nm, followed by three smaller bands at 539, 593, and ||| [ N QD N

641 nm. The spectrum for the gold compl&3b was very
similar, showing a Soret band at 462 nm and smaller
absorptions at 533, 587, and 641 nm (Figure 3). Both of the
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7 Figure 4. Proton NMR spectra (400 MHz) of metallotetrapheny-

03 1 loxybenziporphyrins13 in CDClz: lower spectrum, silver(lll)
0.2 derivativel3a upper spectrum, gold(lll) compled3b. Both spectra
show increased diatropic character compare8apalthough the
gold complex shows slightly larger downfield shifts for the pyrrolic
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Figure 3. UV—vis spectrum of gold(lll) compled3bin chloro- the macrocyclic cavity and can hold the system in a more
form showing a porphyrin-like Soret band and three Q-type planar arrangement that facilitatesconjugation.

absorptions. The direct synthesis of oxybenziporphyrins with Lindsey
Rothemund conditions makes this system far more accessible
spectra for the metallo-species are far more porphyrin-like and will allow the chemistry of this aromatic macrocycle to
than the free basBa, suggesting increased aromatic char- be further explored. In addition, the ability of this framewaork
acter, and this was confirmed by the NMR data. The proton to stabilize organometallic derivatives for metals in higher
NMR spectra forl3aand13b showed the presence of strong oxidation states may also allow the development of new
diatropic ring currents where the pyrrolic hydrogens showed catalytic systems.
up as a series of resonances between 8.3 and 8.7 ppm,
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moiety. These data indicate that these metallo-derivatives
are substantially more aromatic th@a, although the effect

is slightly larger for the gold(lll) complex. The free base
form 8ahas three internal hydrogens that produce additional
steric interactions in addition to those due to the crowded
macrocyclic periphery. However, as we have demonstrated
previously? the silver(lll) and gold(Ill) cations fit nicely into  OL062108A
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cedures and UV—vislH NMR and *3C NMR spectra for
selected compounds. This material is available free of charge
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