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ABSTRACT

Carbaporphyrinoid systems with semiquinone, cycloheptatriene, or indene subunits react under mild conditions with silver(I) acetate to give
stable silver(III) organometallic derivatives.

Carbaporphyrinoid systems are porphyrin-like macrocycles
with carbocyclic moieties in place of one or more of the
pyrrole rings.1,2 These important porphyrin analogues are
closely related to the so-called N-confused porphyrins
(NCPs),3 which have one or more inverted pyrrole subunits.
NCPs have been shown to act as dianionic ligands, generating
stable organometallic derivatives with Ni2+, Cu2+, Pd2+, etc.
(structures1, Chart 1)4 or trianionic ligands (e.g.,2).5 Furuta
demonstrated that tetraphenylNCP reacted with silver(I)
trifluoroacetate to afford2a,5a-c and related antimony(V)

derivatives were later characterized.5d Initially, carbapor-
phyrins6 and related macrocyclic systems appeared to be
poorly suited for metalation reactions.7 However, azulipor-
phyrins,8,9 which possess a CH-N-NH-N arrangement of
core atoms, have now been shown to be good “dianionic”
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organometallic ligands generating the nickel(II), palladium-
(II), and platinum(II) complexes3 and 4,10 and related
complexes have also been reported for the benziporphy-
rins.11,12 In contrast, benzocarbaporphyrins5, which have a
CH-NH-N-NH core, were subsequently shown to act as
trianionic ligands and reacted with silver(I) acetate under
very mild conditions to give the silver(III) derivatives6.13,14

Doubly N-confused porphyrins also afford silver(III) deriva-
tives.15 However, true porphyrins give silver(II) complexes,16

while the similarly “dianionic” azuliporphyrins fail to react
at all with silver salts.9b Until recently, silver(III) was
considered to be an unusual oxidation state. However, the

straightforward syntheses of Ag(III) derivatives of benzo-
carbaporphyrins and NCPs,5a,13-15together with the recent
discovery that corroles also readily form Ag(III) complexes,17

indicate that these species are in fact quite easy to generate.
As the field of carbaporphyrinoid chemistry progresses, these
organometallic ligands are becoming more accessible for
study.9 Given the relative novelty of the silver(III) complexes
and the potential for this type of chemistry to stabilize other
metals with unusual oxidation states, we have investigated
the ability of other carbaporphyrinoids to form silver(III)
derivatives. Our results indicate that the formation of stable
Ag(III) organometallic complexes is a general feature for
porphyrin analogues with a CH-NH-N-NH arrangement
of atoms at the macrocyclic interior.

We have recently developed a direct synthesis of tetraaryl-
azuliporphyrins and related benzocarbaporphyrins7.9 Perhaps
unsurprisingly, carbaporphyrins7 also react with AgOAc to
give the silver(III) derivatives8 (Scheme 1). The best results

were obtained in pyridine at room temperature, and following
chromatography, the silver(III) complexes were isolated as
powders in 80-97% yield. Incorporation of silver into these
systems was easily demonstrated by mass spectrometry. As
was the case for the “etio” benzocarbaporphyrin chelates6,13

themeso-tetraaryl-substituted silver(III) complexes afforded
orange-colored solutions and were significantly less polar
than the free base carbaporphyrin ligands. The UV-vis
spectra for8 showed a strong Soret band near 450 nm. The
porphyrin-like diatropic character of these chelates is also
supported by the presence of the pyrrolic protons downfield
near 8.7 ppm. The mechanism for the production of silver-
(III) carbaporphyrins from silver(I) salts remains a matter
for speculation. Earlier, we suggested that this occurred via
a reductive elimination of H2.13 Brückner has proposed17 that
the following disproportionation is taking place to generate
silver metal: 3Ag+ f 2Ago + Ag3+. Silver deposits are
always observed in our chemistry, and we concede that this
explanation is more likely to be correct. The presence of
silver at the 3 oxidation state is supported by the diamagnetic
nature of the complexes and by cyclic voltammetry.18

Interestingly, it was also possible to synthesize gold(III)
complexes9 for thesemeso-tetrasubstituted carbaporphy-
rinoids.19
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Tropiporphyrins10 can be prepared using the “3+ 1”
methodology from 1,3,5-cycloheptatriene-1,6-dicarbalde-
hyde.20 This system shows a strong ring current where the
interior CH resonates upfield near-7 ppm. However, the
meso-protons for10 show up at 8.0 and 9.2 ppm, values
that are significantly upfield compared to carbaporphyrins
5, and this suggests that the geometry of the cycloheptatriene
ring significantly distorts the macrocycle and decreases the
diatropicity of the tropiporphyrin system.20aTropiporphyrins
gave good yields of silver(III) derivatives11 under basic
conditions (DBU in pyridine), and the chelates gave green-
colored solutions with weak Soret bands near 440 nm
(Scheme 2). Themeso-protons in the proton NMR spectra

for 11 resonated at approximately the same values as those
noted for the10, indicating that the diatropicity for the silver
derivatives was comparable to the corresponding free base
structures. However, the cycloheptatrienyl protons are shifted
significantly downfield. In10a, these protons produce two
multiplets at 5.5 and 6.6 ppm, but the related silver(III)
derivative11a affords the corresponding resonances at 6.9
and 7.2 ppm. These shifts are attributed to a significant
change in the conformation for the seven-membered ring on
chelation of the silver(III) cation.

Oxybenziporphyrin12a,21 the first reported example of
an aromatic carbaporphyrinoid, has previously been shown
to give palladium(II) organometallic derivatives.22 Under
mild conditions,12a reacted with excess silver(I) acetate to
afford the silver(III) complex13a in virtually quantitative
yields (Scheme 3). This complex was relatively insoluble in
chloroform but gave green solutions and showed a Soret band
at 458 nm. The proton NMR spectrum for13a in d4-
methanol-CDCl3 showed a strong ring current effect that
was comparable to the free base12a, and themeso-protons
resonated downfield as four singlets at 8.69, 9.10, 9.13, and
10.23 ppm (this compares to values of 8.85, 8.98, 8.99, and
10.29 for12a21a,b). The external protons on the six-membered

ring afforded two 1H doublets at 7.32 and 8.44 ppm,
compared to values of 7.35 and 8.49 in12a.21a,b The
metalloporphyrinoid methyl groups of13aresonated at 3.10
and 3.31 ppm, whereas12a gave these resonances at 3.29
and 3.65 ppm. Taken together, the data indicate that the
metallo-derivative has slightly diminished diatropic character
compared to the free base oxybenziporphyrin. As was the
case for all of the silver complexes, the structure of the
metalated carbaporphyrinoid was confirmed by mass spec-
trometry. The molecular ion region for the EI MS showed
two peaks with similar intensities atm/z 581 and 583
corresponding to the expected107Ag and 109Ag isotopes
(natural abundances of 51.8 and 48.2%, respectively). The
related diphenyloxybenziporphyrin12bsimilarly afforded the
silver(III) derivative13b in >90% yield.

Recently, we have shown that 4-methoxy-1,3-naphtha-
lenedicarbaldehyde (14) undergoes a “3+ 1” condensation
with tripyrrane15 under standard conditions to give oxy-
naphthiporphyrin16 (Scheme 4).23,24 This new porphyrin
analogue system is similar to oxybenziporphyrin12 but
exhibits a slightly enhanced diatropic ring current. The proton
NMR spectrum for16 shows the interior CH at-7.42 ppm
(compared to-7.17 ppm for1221), while the exteriormeso-
protons afford four 1H singlets at 9.27, 9.33, 9.94, and 10.65
ppm. The benzo unit in16 also gave rise to a series of 1H
resonances at 7.73 (t), 7.96 (dt), 8.92 (dd), and 8.96 ppm
(d). The free base16 gives a porphyrin-like UV-vis
spectrum and, like12, shows two Soret bands (λmax (log ε):
431 (5.29) and 450 nm (4.96)) and a series of four Q-bands
(λmax 539, 581, 622, and 687 nm) through the visible region.
The IR spectrum for16 (KBr) showed a strong absorption
at 1630 cm-1, confirming the presence of a cross-conjugated
carbonyl unit. Oxynaphthiporphyrin16 reacts with AgOAc
in methanol-chloroform at room temperature to give the
silver complex17 in excellent yields (Scheme 4). The UV-
vis spectrum gave a single Soret band at 456 nm and several
ill-defined Q-bands between 500 and 630 nm. The proton
NMR spectrum for17 in CDCl3 showed a decreased ring
current compared to16, where the exteriormeso-protons
resonated at 8.89, 9.06, 9.14, and 9.90 ppm. This decreased
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diatropic character is also evident from the effects on the
peripheral substituents. For instance, the methyl substituents
gave rise to two 3H singlets at 2.98 and 3.33 ppm, compared
to values of 3.40 and 3.57 in the proton NMR spectrum of
16. In this system, metalation has a significantly larger effect
on the ring current than was the case for the oxybenzipor-
phyrin derivatives possibly due to an increased contribution

from canonical forms such as18. Silver complex17 was
sufficiently soluble in CDCl3 to give a carbon-13 NMR
spectrum. The carbonyl moiety was observed at 191.6 ppm,
while the meso-carbons gave four separate resonances at
95.8, 95.9, 107.5, and 109.9 ppm. This compares to values
of 187.3, 94.2, 94.6, 103.0, and 104.9 ppm, respectively, for
the corresponding carbon-13 resonances of the free base
oxynaphthiporphyrin16 in CDCl3. The IR spectrum (KBr)
for 17 showed two strong bands at 1642 and 1619 cm-1, in
place of the peak at 1630 cm-1 that had been observed for
16. However, the origins of these bands remain to be
determined.

Although not every carbaporphyrinoid system can give
silver organometallic derivatives, diverse systems with a
CH-NH-N-NH macrocyclic core afford stable silver(III)
complexes in good to excellent yields. This appears to be a
general feature for these macrocycles rather than a special
property for N-confused porphyrins and benzocarbaporphy-
rins. The ability of these important porphyrin analogue
systems to stabilize the silver(III) oxidation state suggests
that other unusual metalation reactions are likely to be
achievable. Now that more direct routes for carbaporphy-
rinoid syntheses are available,9,11 these metalation reactions
may lead to the development of new catalytic systems.
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