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Within the context of the porphyrin chemistry, two major
properties of the porphyrinogen precursor1 are quite hard to define;
namely, the redox and acid-base chemistry. This difficulty is
due to the high tendency of porphyrinogen to oxidize to the
corresponding porphyrin.2 Quite recently we used a stable form
of porphyrinogen, themeso-octaalkylporphyrinogen in its fully
deprotonated form complexed to a transition metal3 for inspecting
both kinds of chemistry. This approach enabled us to study the
stepwise oxidation to artificial porphyrins4 and porphodimethenes.3c,5

We report here a modeling study, using Ni(II)-meso-octaeth-
ylporphyrinogen (complex13b,4a in Scheme 1), for exploring the
acid-base chemistry of the porphyrinogen tetraanion, which
proved to be a remarkably useful methodology, leading to the
metal-assisted functionalization of the porphyrinogen skeleton.6

The reaction of13b (see Scheme 1) with PyHCl (1:2 molar
ratio) under rigorously anhydrous conditions led to the formation
of dihydro species. The two dihydro (2,12 and 2,13) [2a + 2b]
isomers7,8 derived from the protonation of two pyrroles trans to
each other are detected in a 1:1 ratio in solution. The isolation
from the solution mixture of a solid gave the2a isomer only,8 as
confirmed by the X-ray analysis. The NMR spectrum of the2a
dissolved in benzene showed the 1:1 mixture of2a + 2b. The

two isomers in solution are deprotonated using either LiBu (see
1) or 1,4-diazabicyclo[2.2.2]octane (see3). The reversible
protonation-deprotonation accounts for the formation of the
deuterated form4,8 when2 was dissolved in CD3OD or in C5D5N.
The deprotonation of4 led to the 2,3,7,8,12,13,17,18-octadeutero
derivative,5.8 The protonation-deprotonation of the porphy-
rinogen is a key step for determining its metal-assisted function-
alization. The reaction of1 at room temperature with Me3O+BF4

-

led to 1,11-dihydro-2,12-dimethyl derivative6 which, upon
heating, gave 2,12,-dimethyl-3,13-dihydro derivative7.8 Complex
7 was then deprotonated to8,8 which was protonated to a mixture
of 6 and7 using 2 equiv of PyHCl at room temperature. Complex
8 underwent a further methylation to the 2,3,12,13-tetramethyl-
4,14-dihydro derivative98 and subsequently was deprotonated
to 10 (Scheme 1).8

The results mentioned above showed a stepwise direct and
selective methylation of the porphyrinogen. The same methodol-
ogy allowed the functionalization of the porphyrinogen skeleton.
This is exemplified in Scheme 2 by the reaction of1 with benzoyl
chloride andp-tolyl aldehyde. In the former case, the reaction
led to the 8,18-dihydro-3,12-dibenzoyl derivative11,8 which was
deprotonated to12.8 In the reaction with an excess ofp-tolyl
aldehyde, complex1 led to the formation of the 2,13-divinylidene
derivative14,8 via the plausible intermediate12, which was not
identified. All of the compounds in Schemes 1 and 2 were
obtained at the preparatiVe leVel (>60% yield) and in gram
amount with high selectiVity. In particular, the reactions leading
to 6, 11, and14 are totally selective with respect to theâ-carbon
substitution. A full account of the synthetic sequence is given
in the Supporting Information.8 All of the compounds displayed
in Schemes 1 and 2, except for13, were fully characterized,
including the X-ray analysis on2, 6, 9, 11, and14, although only
the structure of14 is reported here and displayed in Figure 1.9 A
detailed description of the structures of9, 11, and14 is reported
in the Supporting Information. The structural parameters confirm
both the atom connectivity, the bonding sequence, and the
isomeric forms reported in Schemes 1 and 2. In all of the
complexes the ligand has a so-called saddle-shape conformation,
and the hydrogens from four methylenes of themeso-ethyl groups
provide a flattened tetrahedral cage for the metal. The N4 core
which is planar in11 and14 has a relevant tetrahedral distortion
in complex9. The results reported here show an unprecedented
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Figure 1. ORTEP view (50% probability ellipsoids) of complex14.
Selected bond distances (Å): Ni-Nav, 1.862; N(2)-C(4), 1.307(4); N(2)-
C(7), 1.430(5); C(4)-C(5), 1.480(5); C(5)-C(6), 1.449(4); C(6)-C(7),
1.341(5); C(5)-C(19), 1.343(5). A prime denotes a transformation of
-x, y, 0.5 - z.
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acid-base protic chemistry of porphyrinogen skeleton which is
the basis for determining its functionalization. In addition, they
show (i) how significant is the difference between metal-assisted
and metal-nonassisted electrophilic reaction at the porphyrinogen
anion.10 Several of the functionalization reactions reported here
and performed on the lithium derivative [Et8N4Li 4thf4]3 gave
untractable mixtures of uncharacterizable compounds; (ii) how
the functionalization can be carried out on the porphyrinogen
rather than on the initial pyrroles; (iii) the possibility of getting
regiochemically controlled partially substituted porphyrinogen,
including the introduction of reactive functionalities; and (iv) the
functionalization reaction is at the preparative level.
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