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ABSTRACT

Reaction of a benzocarbaporphyrin with methyl or ethyl iodide and potassium carbonate in refluxing acetone primarily afforded the 22-alkylation
products. Subsequent metalation with palladium(II) acetate in refluxing acetonitrile gave the palladium(II) organometallic derivatives where the
alkyl group had migrated to the 21-position.

Carbaporphyrinoid systems have beenwidely studied,1,2

in part due to their ability to form organometallic deriva-
tives under mild conditions. In this regard, N-confused
porphyrins (NCPs, 1) have been intensively investigated3

but other carbaporphyrinoids like azuliporphyrins 2,4

oxybenziporphyrins 3,5,6 oxynaphthiporphyrins,6 tropi-
porphyrins,7 and pyrazoloporphyrins 48 also give similar
organometallic derivatives.Benzocarbaporphyrins 59 have
been shown to act as trianionic ligands forming silver(III)
and gold(III) complexes 6,10 although the related oxacar-
baporphyrins 7 are dianionic ligands and form nickel(II)
and/or palladium(II) complexes 8 and 9 (Scheme 1).11,12

It occurred to us thatN-alkylation of benzocarbaporphyr-
ins 5 might allow this system to act as a dianionic ligand
as well.

The alkylation of NCPs is well documented,13 and we
recently reported the synthesis of N-alkyl derivatives of an
oxidizedbenziporphyrinoid system.14 Benzocarbaporphyrin

† Part 59 in the series `ConjugatedMacrocycles Related to the Porphyrins'.
For part 58, see ref 14.
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5a was reacted with methyl iodide in the presence of a
stirred suspension of potassium carbonate in refluxing
acetone for 16 h (Scheme 2). Following extraction into
dichloromethane and washing with water, the products
were run through a silica column, eluting with chloroform.
The initial fraction corresponded to a minor alkylation

product, and a major product fraction eluted subsequently.
Following recrystallization from chloroform�methanol,
the two alkylation products were isolated in 10%and 62%
yields, respectively. The 500 MHz proton NMR spectrum
for the major product showed that the macrocycle no
longer had a plane of symmetry (Figure 1). Four 1H

singlets for the meso-protons were observed at 9.52, 9.67,
9.92, and 9.94 ppm, and twodifferent 3H singletswere seen
for the external methyl substituents at 3.18 and 3.55 ppm.
In the upfield region, a 1H singlet was present at �6.20
ppm, a 3H singlet was observed at�4.10 ppm, and a broad
resonance was noted at �2.45 ppm. The EI MS for this
product showed amolecular ion atm/z 513, demonstrating
the addition of a single methyl group, and the carbon-13
NMRspectrumconfirmed that therewas no longer a plane
of symmetry in this structure. These data unambiguously
show that the 22-methyl derivative 10a had been formed. It
is worth noting that 10a is a chiral system due to the
porphyrinoid core being too small to allow the N-alkyl
substituent topass through its center and therefore consists
of two enantiomeric forms. As a consequence of this
asymmetry, the proton NMR spectrum shows that the
ethyl CH2’s are diastereotopic. The EI MS for the minor
product also gave a molecular ion at m/z 513, but in this
case the proton and carbon-13 NMR spectra showed that
this product still retained a plane of symmetry. In the
proton NMR spectrum, themeso-protons gave rise to two
2H singlets at 9.62 and 9.78 ppm, and the two peripheral
methyl groups gave a 6H singlet at 3.57 ppm. In addition,
the upfield CH resonance was replaced by a 3H singlet at
�5.16 ppm.These results show that theminor product is in
fact aC-alkylation product 11a, rather than the alternative
N-methyl derivative 12a. This result is not particularly
surprising as C-protonation of 5a has been observed
previously.9 In essence, this system is acting like a vinylo-
gous enamine and the pyrrolic nitrogens facilitate this
electrophilic substitution (Scheme 3). In the carbon-13
NMR spectrum, the internal methyl group gave a reso-
nance at 10.9 ppm, confirming that this moiety must be
attached to a carbon rather than a nitrogen atom. Similar
results were obtained using ethyl iodide, although these
reactionswere run for 2�3days to ensure that the reactions
went to completion. The 22-ethyl carbaporphyrin 10b was
again themajor product but could not be recrystallizeddue
to its high solubility in organic solvents, including metha-
nol, hexanes, and petroleum ether. In order to obtain pure
material, it was necessary to chromatograph this product
three times on silica, but it was still isolated in 69% yield.
As expected, the C-ethyl derivative 11b was generated as a
minor product and, following recrystallization, was iso-
lated in 10%yield. The internal ethyl unit gave rise to a 2H
quartet at�5.50 ppm and a 3H triplet at�2.38 ppm in the
proton NMR spectrum. The UV�vis spectra for 10a and
10b resembled the spectra previously reported for 5a,
showing a strong Soret band at 434 nm and a series of
Q-bands between 500 and 700 nm.TheUV�vis spectra for
C-alkylcarbaporphyrins were similar, but the intensities of
the Soret bands were somewhat diminished.
N-Methyl carbaporphyrin 10a was reacted with

palladium(II) acetate in refluxing acetonitrile for 30 min
(Scheme 4). Following extraction with dichloromethane
and washing with water, the product was purified by
column chromatography on silica. Proton NMR spec-
troscopy showed that the product fraction was a mix-
ture of two compounds and only the minor component

Scheme 1
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corresponded to the expected palladium(II) complex 13a
(Scheme 4). The product was run through a column with
30% dichloromethane�hexanes, and this easily separated

out the major component in pure form. The minor com-
ponent was not obtained as a pure compound, and we
noted that nearly all of thematerial was now in the formof
the major component. The major product was isolated in
81% yield following recrystallization from chloroform�
methanol. The proton NMR spectrum of this compound
shows that the complex has a plane of symmetry where the
meso-protons afford two 2Hsinglets at 9.56 and 10.27 ppm
and the methyl substituents give a 6H singlet at 3.33 ppm
(Figure 2). The internal methyl group shows up as a 3H
singlet at �3.21 ppm. The results demonstrate that the
palladium derivative is in fact the 21-methyl derivative
14a. In the carbon-13 NMR spectrum, the internal methyl
group gives a resonance at 11.7 ppm, while the attached sp3

carbon appears at 45.3 ppm. The meso-carbons for this
species showed up as two resonances near 106.6 ppm. The
formation of this species implies that themethyl groupmust
havemigrated from the nitrogen atom to the indene carbon.
Thismayhaveoccurredduring themetalation reaction itself
or subsequent to the formation of palladium(II) complex
13a. In order to assess these possibilities, the metalation
reaction was carried out for 5 min in refluxing acetonitrile.
In this case, the product appeared to primarily consist of
13a, but following chromatography on a short silica, eluting
with dichloromethane, the product already showed con-
tamination with 14a. This material was dissolved in acet-
onitrile and heated under reflux for 30 min. Analysis of the
product following extraction and evaporation of the sol-
vents by proton NMR spectroscopy showed that the pro-
duct now consisted of>90% 14a and only contained trace
amounts of 13a. These results show that the alkyl group
migration primarily, if not entirely, occurs subsequent to the
formation of the palladium complex. It is not clear whether
this process takes place via a concerted [1,5]sigmatropic
rearrangement, as depicted in Scheme 5, or a stepwise
mechanism involving a transient Pd-alkyl species. Reaction
of N-ethyl carbaporphyrin 10b with palladium(II) acetate
for 30min exclusively gave the relatedC-ethyl complex 14b.
In this case, the proton NMR spectrum showed a 2H
quartet at �3.10 ppm and a 3H triplet at �1.45 ppm for
the internal ethyl group. In the carbon-13 NMR spectrum
for 14b, the sp3 indene carbon atom gave a resonance at
52.4 ppm and the meso-carbons appeared at 106.4 and
107.0 ppm.
The proton NMR spectra for the palladium complexes

show that they retain highly diatropic characteristics, but
the 18π electron delocalization pathway is now relocated
so that it runs through the fusedbenzounit. In essence, these
palladiumderivatives representbridgedbenzo[18]annulenes.
This is also the case for diprotonated benzocarbaporphyrins

Scheme 2

Scheme 3

Figure 1. 500 MHz proton NMR spectrum of 22-methyl carba-
porphyrin 10a in CDCl3.



Org. Lett., Vol. 13, No. 17, 2011 4635

5H2
2þ and the benzoporphyrin ketals 15.9,15,16 The proton

NMR spectra provide supporting evidence for the reloca-
tionof the favored aromatic delocalizationpathway. In the
proton NMR spectrum for 5a, the benzo-protons give rise
to anAA0XX0 systemwith resonances at 7.73 and 8.79 ppm.
However, the equivalent protons in 14a showup at 8.22 and
9.41 ppm while the values noted for 14b correspond to 8.16
and9.31ppm.The substantial downfield shifts to thebenzo-
protons closest to the porphyrinoidmacrocycle are presum-
ably due to the increased proximity of these protons to the
relocated macrocyclic ring current. The diamagnetic ring
current appears to be slightly smaller for the C-ethyl
derivative 14b, possibly due to increased steric congestion
leading to decreased macrocyclic planarity. The UV�vis
spectra for 14a and 14b are also significantly altered com-
pared to 10, showing relatively weak Soret bands near
420 nm and a fairly strong absorption close to 700 nm.
The absorptions for 14b are bathochromically shifted by
4�5 nm compared to 14a, a result that is consistent with the
presence of a more distorted chromophore in this case.

These results demonstrate that palladium(II) derivatives
are easily obtained from 22-alkyl benzocarbaporphyrins
and that alkyl group migration readily occurs within the
macrocyclic cavity. In addition, the palladium(II) cation
forms a bond to an sp3 carbon atom and therefore differs
significantly from the silver(III) and gold(III) complexes
reported previously.10 In independent work, it was very
recently reported that related palladium(II) complexes 16
were obtained by the base promoted rearrangement of a
palladium(II) p-benziporphyrin17 (Scheme6).17 In this case,
an intriguing ring contraction of the arene subunit has
occurred.17 Clearly there is still much to be learned about
the organometallic chemistry of carbaporphyrinoid systems.
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Scheme 5

Figure 2. 500 MHz proton NMR spectrum of palladium(II)
complex 14a in CDCl3.

Scheme 6
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