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On the Methylation of 5-(4-Alkoxyphenyl)-15{4-pyridyl)porphyrins
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Mixed condensation of 3,3"-diethyl-4,4"-dimethyl-2,2"-dipyrrolylmethane 1 with 4-formylpyridine 2 and
4-alkoxybenzaldehyde 3 in acid medium and subsequent oxidation of the reaction mixture with DDQ gives,
among other compounds, title compound 5. An efficient methylation procedure of the pyridyl group in
544-alkyoxyphenyl)-15{4-pyridyl)porphyrins is described. Mixed condensation of 1 with N-methyl-4-formyl-
pyridinium salt 9 and 3 yields among other compounds 544-N-methylpyridiniumiodide)porphyrin 10.
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Introduction.

Numerous porphyrins have been synthesized with the
aim to mimic the charge separation in the photosynthetic
process [1,4]. The vast majority of these model systems
belongs to the class of the meso-tetraarylporphyrins. The
study of model systems like 5,15-diarylporphyrins is more
restricted, since their synthesis is more cumbersome;
therefore fewer investigations about this type of por-
phyrins have been reported.

It is well-known that organized media have a beneficial
effect on the photo-chemical charge separation, since the
charge recombination is retarded in these media. A cer-
tain degree of organisation of the reactants occurs in
assemblies such as (reversed) micelles, microemulsions
and vesicles.

In this paper we describe the synthesis of some 3-aryl-
15-pyridinium porphyrin salts 8 to investigate the
photophysical properties of these charged species in
reversed micelles.

Results and Discussion.

Condensation of 3,3'-diethyl-4,4’-dimethyl-2,2'-di-
pyrrolylmethane 1 [5,6] with 4-formylpyridine 2 and the
4-alkoxybenzaldehyde 3 (R = methyl, octyl, hexadecyl) in
the solvent methanol and in the presence of the catalyst
p-toluenesulfonic acid gave a reaction mixture which on
subsequent treatment with DDQ yields a mixture of
5,15-di(p-alkoxyphenyl)porphyrin 4, the 5-(p-alkoxy-
phenyl)-15(4-pyridyl)porphyrin 3, the 5,15-di(4-pyridyl)por-
phyrin 6 and surprisingly (4-pyridyl)porphyrin 7; these
compounds can be separated by means of column chrom-
atography.

Intermediates in the formation of the compounds 4-7
are the corresponding porphyrinogens (hexahydropor-
phyrins), which are easily oxidized by DDQ. This pro-
cedure, in which the acid catalysed condensation is com-
bined by oxidation with DDQ, is a modification of a pro-
cedure, in which the porphyrinogens are isolated and ox-
idized in a separate step [5,6). During the course of our in-
vestigations, the synthesis of 5,15-bis(4-pyridyl)-2,8,12,-
18-tetraethyl-3,7,13,17-tetramethylporphyrin was describ-
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ed in the literature [3] using the same modification as
described in this paper. It is known from the literature
that the amount of catalyst in the condensation reaction is
very critical [6). Variation of the amount and kind of
catalyst usually results in an increased yield of the
monoarylporphyrin at the expense of the diarylporphyrin.
This side reaction seems to be more pronounced in the
condensation of 2 with 1, probably due to the fact that in
the acid medium 2 is protonated before condensation.
Although the desired porphyrin 5 can be obtained from
the crude reaction mixture by means of column chromato-
graphy, the procedure is time consuming; moreover it is
very difficult to get 3 completely pure. Even after repeated
chromatography 5 is still contaminated with traces of 4
and 6. However, the purity is found to be depending upon
the length of the alkyl chain R. With R = C,Hj;, better
separation is effected and therefore a more pure product 5
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is obtained than with R = CH,.

Since our goal is to prepare pure N-methylpyridinium
product 8, the best procedure is to purify the crude por-
phyrin mixture containing 4-7 by means of column
chromatography only one time and methylate the reason-
able pure product 5 with methyl iodide in dichloro-
methane and methanol (10:1.5). The quaternary salt 8 is
purified by means of column chromatography. After only
one purification 8 is obtained in a very pure form. The
much greater difference in polarity of salt 8 and the con-
taminants 4 and 6 makes the separation procedure very ef-
fective.
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The methylation of 5 into 8 provided us initially with a
lot of problems, though the methylation of tetraaryl-
porphyrins that contain one or more pyridine substituents
is well documentated [5,6]. Methylation of 5 with methyl
iodide under conditions analogous for tetrapyridyl-
porphyrins only yields the starting compound even after
treatment for several days. The failure of methylation is
due to low solubility of 5. After we have observed that 5 is
surprisingly soluble in a mixture of dichloromethane and
methanol (10:1.5), methylation was found to occur very
readily. The same procedure was also found to be suc-
cessful for the methylation of 6 into 11.

An alternative approach to obtain 8 by condensation of
1 with N-methyl-4-formylpyridinium iodide 9 and the ap-
propriate 4-alkoxybenzaldehyde 3, gave besides 8 the
monopyridiniumporphyrin 10. The structure of 10 could
be established unequivocally by means of 'H-nmr and
mass spectroscopy. Compounds 8 and 10 were very dif-
ficult to separate.
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The formation of the monopyridylporphyrin 7 and of
the monopyridinium porphyrin 10 is puzzling, since it is
unclear how carbon atom C,; is incorporated in the por-
phyrin ring. Carrying out the reaction of 1+9+3 in dif-
ferent solvents (as acetonitrile or ethanol), compound 10 is
still formed, which justifies the conclusion that carbon
atom 15 does not originate from the solvent. The forma-
tion of a monopyridinium-porphyrin in the condensation
of a quarternized pyridinium aldehyde with dipyr-
rolylmethanes seems to be a general phenomenon; in the
synthesis of 11 by reaction of 9 with 1, porphyrin 10 is the
main product. The formation of a monoarylporphyrin as a
minor reaction product in the synthesis of a mesodiaryl-
porphyrin has been reported in the literature [6,8].
However no satisfactory explanation could be given to ac-
count for its formation in these reactions.

A somewhat analogous reaction was reported in the
literature in the condensation of bilabiene-ac dihydro-
bromide with glyoxal, which failed to yield bis-5,5"-etiopor-
phyrin-IL; but instead gave etioporphyrin-II as sole pro-
duct [9). A thorough mechanistic study revealed that the
additional carbon was not derived from the solvent; no
good explanation for the origin of this carbon atom could
be offered to account for its formation.
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EXPERIMENTAL

The 'H-nmr spectra were recorded on Varian EM-390 and
Bruker CXP-300 spectro-meters in deuteriochloroform. Chemical
shifts are reported in ppm (8) relative to TMS. Mass spectral data
were obtained using an AEI MS-902, equipped with a VG-ZAB
console, including and FD-source. Column chromatography was
performed on silica gel 230-400 mesh.

Preparation of Starting Materials.

(3,3"-Diethyl4,4"-dimethyl-2,2"-dipyrrolylmethane) [5], p-octyl-
oxybenzaldehyde [11], p-hexadecyloxybenzaldehyde [12] and
N-methyl-4-formylpyridinium iodide [13] were prepared accor-
ding to the literature.

General Procedure for the Synthesis of Porphyrin 5.

To 300 ml of methanol were successively added with good stirr-
ing 5 mmoles of the appropriate benzaldehyde 3, 5 mmoles of
4-formylpyridine 2, 10 mmoles of 3,3'-diethyl-4,4'-dimethyl-2,2"
dipyrrolylmethane 1 and 2 mmoles of p-toluenesulfonic acid. The
mixture was stirred for 3 hours at room temperature, and then
kept in the refrigerator overnight. A solution of 20 mmoles of
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2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) in 50 ml of
THF was quickly added with stirring. The mixture was stirred for
1 hour at room temperature, and 10 ml of triethylamine was add-
ed to the mixture. The solvent was evaporated in vacuo. The
residue was dissolved in a minimum amount of a mixture of di-
chloromethane and methanol (20:1) and purified by means of col-
umn chromatography, eluent dichloromethane:methanol = 20:1.
The 5,15-bis(4-alkoxyphenyl}-2,8,12,18-tetraethyl-3,7,13,17-tetra-
methylporphyrin 4 was eluted first from the column; the second
fraction was mainly 5<4-alkoxyphenyl)}15{4-pyridyl}-2,8,12,18-
tetraethyl-3,7,13,17-tetramethylporphyrin 5. Compound 5 was
dissolved in 20 ml of a mixture of dichlormethane and methanol
(10:1.5) and 15 g of methyl iodide was added. The mixture was
stirred at room temperature for 2 days. The solvent was distilled
off, and 20 ml of methanol was added; again the solvent was
distilled off. The crude reaction mixture was dissolved in a
minimum amount of a mixture of dichloromethane and methanol
(10:1.5), and purified by means of column-chromatography,
eluent dichloromethane:methanol = 10:1.5.

5-(4-Methoxyphenyl)-15-(4-N-methylpyridiniumiodide}2,8,12,18-
tetraethyl-3,7,13,17-tetramethylporphyrin (8, R = CH,).

This compound was obtained in 10% yield (400 mg); ‘H-nmr
(deuteriochloroform): & 10.24 (s, 2H, H10, H20), 8.55 (bd, 2H,
pyridinium H), 7.85 (d, 2H, aryl H), 7.63 (bd, 2H, pyridine H), 7.25
(d, 2H, aryl H), 4.51 (s, 3H, N*-CH,), 4.08 (s, 3H, OCHj,), 3.9 (b,
8H, CH,CH,), 2.51 (s, 12H, CH,), 1.80 (b, 12H, CH,CH,), -2.44 (s,
1H, NH), -2.45 (s, 1H, NH); ms: m/e 661 (M*-CH;I).

Anal. Caled. for C4sHsoNsOI: C, 67.24; H, 6.27; N, 8.71. Found:
C, 65.59; H, 6.22; N, 8.36. The microanalysis for carbon is not
correct. It has been reported in the literature that
5,15-diarylporphyrins form solvates or include solvent molecules,
which are difficult to remove [4,6).

5-(4-n-Octyloxyphenyl)-15-4-N-methylpyridiniumiodide)-2,8,12,-
18-tetraethyl-3,7,13,17-tetramethylporphyrin (8, R = CgH,,).

This compound was obtained in 14% yield (650 mg); 'H-nmr
(deuteriochloroform): & 10.21 (s, 2H, H10, H20), 7.93 (bd, 2H,
pyridine H), 7.63 (d, 2H, aryl H), 7.06 (bd, 2H, pyr. H), 7.04 (d, 2H,
aryl H), 4.16 (s, 3H, N*-CH,), 3.9 (b, 8H, CH,CH,), 2.42 (s, 12H,
CH.), 1.96 (t, 2H, OCH,-C,H,,), 1.78 (b, 12H, CH,CH,), 1.40 (b,
12H, OCH, (CH,)sCH,), 0.90 (m, 3H, O(CH,),CH,, -2.43 (s, 1H,
NH), -2.59 (s, 1H, NH); ms: m/e 759 (M*-CH,I).

Anal. Caled. for Cs;HeNsOI: C, 69.23, H, 7.15; N, 7.76. Found:
C, 69.10; H, 7.23; N, 7.77.

5-(4-n-Hexadecyloxyphenyl)-15-(4-N-methylpyridiniumiodide)-2,-
8,12,18-tetraethyl-3,7,13,1 7-tetramethylporphyrin 8, R = C,¢-
H,).

This compound was obtained in 13% yield (950 mg); 'H nmr
(deuteriochloroform): 6 10.21 (s, 2H, H,,, Hao), 7.94 (bd, 2H,
pyridine H), 7.63 (d, 2H, aryl H), 7.06 (bd, 2H, pyridine H), 7.04
(d, 2H, aryl H); 4.17 (s, 3H, N*-CH,), 3.9 (b, 8H, CH, CH}), 2.42 (s,
12H, CH,), 1.96 (1, 2H, OCH,-C,sH;,), 1.78 (b, 12H, CH, CH;),
1.31 (b, 28H, OCH,<{CH,),» CH;), 0.88 (m, 3H, O (CH,);sCH,),
-2.43 (s, 1H, NH), -2.58 (s, 1H, NH); ms: m/e 871 (M*-CH.I).

Anal. Caled. for CsoHeoNsOI: C, 71.05; H, 7.95; N, 6.90. Found:
C, 71.34; H, 8.11; N, 6.74.

During the course of our investigations, the synthesis of
5,15-bis(4-pyridyl)-2,8,12,18-tetraethyl-3,7,13,1 7-tetramethylpor-
phyrin 6 was described in the literature [3].

The methylation of 6 into 5,15-bis(4-N-methylpyridinium-
iodide)-2,8,12,18-tetraethyl-3,7,13,17-tetramethylporphyrin 11 oc-
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curred in a quantitative yield; 'H-nmr (deuteriochloroform):
10.20 (s, 2H, H10, H20), 7.9-7.6 (b, 8H, pyridine H), 4.27 (s, 6H,
N*.CH,), 3.9 (b, 8, CH,-CH,), 2.49 (s, 12H, CH,;), 1.82 (b, 12H,
CH,CH,), -2.61 (s, 1H, NH), -3.10 (s, 1H, NH).
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