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The first, direct meso-hydroxymethylation of 5,15-substituted porphyrins can effectively be obtained by a
simple one-pot procedure involving a sequential SNAr reaction of porphyrins with (2-pyridyldimethyl-
silyl)methyllithium, followed by hydrolysis and aerobic oxidation at ambient O, pressure.
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Porphyrins and related tetrapyrrolic macrocycles are a class of
chemically and biologically important heterocyclic compounds
that have found broad applications in the areas of catalysis, med-
icine, and material science.!? In this regard, a considerable effort
has been devoted to the discovery of new approaches to the syn-
thesis of various useful porphyrin systems.>™ It is known that
hydroxymethyl-substituted porphyrins are among the most ver-
satile building blocks that allow for subsequent transformations
into more complicated porphyrin derivatives.® The typical proce-
dure for the preparation of hydroxymethyl-substituted porphy-
rins involves a stepwise process through the traditional
Vilsmeier formylation of porphyrins, followed by reduction.”
However, to the best of our knowledge, no existing methods offer
a direct introduction of the hydroxymethyl group into the por-
phyrin core.®

Recently, we have demonstrated a novel direct meso formyl-
ation of 5,15-disubstituted porphyrins 1 based on a one-pot
three-step procedure via nucleophilic addition (SyAr reaction)*
with (2-pyridyldimethylsilyl)methyllithium (PyMe,SiCH,Li),° fol-
lowed by hydrolysis and oxidation.> As shown in Scheme 1, the
process involves the DDQ-promoted oxidative conversion of sily-
Imethyl-substituted dihydroporphyrins A, initially formed adducts
by the SyAr reaction, into meso-formylporphyrins 2 via the sequen-
tial generation of silylmethylporphyrins B and hydroxymethylpor-
phyrins 3.

Herein, we report an aerobic oxidation version of this reaction,
which can effectively afford meso-hydroxymethylporphyrins 3 and
not meso-formylporphyrins 2. The crucial element of the reaction is
the use of molecular oxygen instead of DDQ as an oxidizing
agent,'® which effectively brings about the conversion of A into 3
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Scheme 1. Reaction pathways for the direct meso-formylation of 5,15-disubstituted
porphyrins using one-pot procedure involving SyAr reaction with PyMe,SiCH,Li,
followed by hydrolysis and DDQ oxidation.

but without further oxidation of the hydroxymethyl functionality
to the CHO group, thereby facilitating the unprecedented direct
meso-hydroxymethylation of the porphyrin core. This reported
reaction proceeds at ambient O, pressure, and these mild, green,
and economic conditions have been employed for a range of
5,15-diaryl- and 5,15-dialkyl-substituted free-base porphyrins as
well as their metal complexes, providing a new series of porphy-
rins with a hydroxymethyl functionality attached at the meso posi-
tion in good yields.
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Scheme 2. Direct meso-hydroxymethylation of 5,15-diphenylporphyrin by SyAr reaction using PyMe,SiCH,Li, hydrolysis, and aerobic oxidation.

In previous work, the sequential treatment of 5,15-diph-
enylporphyrin 1a with 10equiv of PyMe,SiCH,Li at —78 °C,
followed by 1 M HCl at 0 °C and 10 equiv of DDQ at 65 °C, afforded
the corresponding 10-formyl-5,15-diphenylporphyrin 2a in 91%
yield.>¢ On the other hand, a similar reaction using dioxygen in-
stead of DDQ as an oxidizing agent at ambient temperature and
pressure resulted in the formation of 10-hydroxymethyl-5,15-
diphenylporphyrin 3a in 56% yield along with an inseparable com-
plex mixture of byproducts (Scheme 2).!! Upon further investiga-
tion of the reaction conditions, conducting the aerobic oxidation
under nearly neutral conditions was found to produce a substantial
improvement. Thus, a solution of 1a in tetrahydrofuran was trea-
ted in the following order: 10 equiv of PyMe,SiCH,Li at —78 °C to
room temperature, H,O at 0 °C, and aerobic oxidation for 1.5 h at
ambient temperature and O, pressure. Under these conditions,
the reaction proceeded cleanly to provide a 76% yield of the desired
meso-hydroxymethylporphyrin 3a without byproducts other than
a trace amount (<5%) of the meso-formylporphyrin 2a, which could
be detected in the "H NMR spectrum of the crude reaction mixture.
Essentially, the same result was also obtained using air in lieu of
pure dioxygen as an oxidizing agent, although a prolonged oxida-
tion reaction time (8 h) was necessary to complete the reaction.

The hydroxymethylation reaction with various porphyrins is
summarized in Table 1.' As can be observed, this process was
found to have a wide scope with regard to the central metal ions
and peripheral substituents of the porphyrin ring. For example,
5,15-diarylporphyrins with electron-rich, electron-neutral, and
electron-poor aromatic moieties on the porphyrin core are all com-

Table 1
One-pot conversion of 5,15-disubstituted porphyrins into meso-hydroxymethylpor-
phyrins by SyAr reaction using PyMe,SiCH,Li, hydrolysis, and aerobic oxidation

1) PyMe,SiCH,Li (10 equiv)

R R
THF, -78 °C —> 1t
2) H,0, 0 °C
3) Oy, 1t OH
One-pot
R R
1 3

Entry Substrate M R Product Yield® (%)

1 1a 2H Ph 3a 76

2 1b 2H p-Tolyl 3b 70

3 1c 2H 3-MeOCgH,4 3c 75

4 1d 2H 3,4,5-(MeO);CH, 3d 55

5 1e 2H 3-CF5CgHa 3e 56

6 1f 2H 4-(i-Pr3SiC=C)CgH4 3f 71

7 1g 2H i-Bu 3g 66

8 Ni-1a Ni Ph Ni-3a 82

9 Ni-1b Ni p-Tolyl Ni-3b 70
10 Ni-1d Ni 3,4,5-(MeO);CgH, Ni-3d 72
11 Ni-1f Ni 4-(i-Pr3SiC=C)CgH,4 Ni-3f 72
12 Zn-la Zn Ph Zn-3a 57
13 Zn-1c Zn 3-MeOCgH,4 Zn-3c 83
14 Zn-1f Zn 4-(i-Pr3SiC=C)CgH,4 Zn-3f 62
15 Zn-1g Zn i-Bu Zn-3g 65

2 Isolated yield.

patible with the reaction conditions (entries 1-5). The hydroxyme-
thylation was applicable to the substrate 1f containing a silyl
functionality, leaving the functional group untouched (entry 6).
5,15-Di(iso-butyl)porphyrin 1g could also participate as a substrate
in the reaction, furnishing the hydroxymethylporphyrin in 66%
yield (entry 7). This process is not limited to free-base porphyrins;
both nickel and zinc complexes could be substituted to obtain the
meso hydroxymethyl-substituted complexes in good yields (entries
8-15). It is of note that the central metal ions of these metal com-
plexes were entirely preserved during the hydroxymethylation
(entries 12-15); in contrast, complete demetallation from zinc por-
phyrin complexes was observed in our previous meso-formylation
with DDQ as an oxidizing agent.>

While the detailed mechanism has not yet been experimentally
confirmed, we tentatively assume the reaction pathway of the
hydroxymethylation as shown in Scheme 3. In this reaction path-
way, the oxidative conversion of the intermediary B into the
meso-hydroxymethylporphyrin 3 proceeds by a Fleming-Tamao
oxidation mechanism,'® in which hydrogen peroxide, generated
in situ from aerobic oxidation of dihydroporphyrin A, is mainly
responsible for the oxidation of the silyl group to the hydroxyl
group.’ Indeed, a brief experiment using aqueous hydrogen
peroxide as an oxidant under an anaerobic condition resulted in
the transformation of porphyrin 1a into the meso-hydroxymethyl
derivative 3a in 53% yield, although the reaction conditions
have not yet been optimized. Further experiments will be
necessary to obtain insights into the precise mechanism of the
hydroxymethylation.

In summary, we have developed an efficient one-pot procedure
for the first, direct hydroxymethylation of 5,15-disubstituted por-
phyrins at the meso position. This involves a sequential SyAr reac-
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Scheme 3. Plausible reaction pathway for the one-pot meso-hydroxymethylation of
5,15-disubstituted porphyrins.
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tion with PyMe,SiCH,Li, followed by hydrolysis and aerobic oxida-
tion at ambient O, pressure. This process can readily accommodate
a wide variety of substrates including 5,15-dialkyl- and 5,15-dia-
ryl-substituted free-base porphyrins and their metal complexes,
affording the corresponding meso-hydroxymethylporphyrins in
good yields. Further investigations into the utility of the products,
that is, meso-hydroxymethylporphyrins, as building blocks for the
construction of porphyrin derivatives that show various useful
functions are currently underway.
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