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The basic structure of porphyrin consists of four pyrrole
units linked by four methine bridges. This indicates that the
cyclic 16-atom is the preferred cyclic system for reelectron
delocalization since this pathway exhibits the highest degree
of bond equalization. Porphyrins and related tetrapyrrolic
pigments occur widely in nature, and they play very
important roles in various biological processes. A large
number of porphyrin derivatives have been synthesized for
the purpose of molecular recognition.’® There are two
general approaches to obtain a desired porphyrin: modi-
fication of natural porphyrins and total synthesis. Although
convenient, modification of naturally occurring porphyrins
poses great limitations on the choice of periphera sub-
stituents because certain substituents cannot be modified
easly. In most cases, such limitations can be overcome by
total synthesis, which involves the synthesis of the pyrrole
having the required substituents. As mentioned above, the
size and symmetry of monomeric structures can be relatively
easily controlled. +°

Among the great diversity of porphyrins with a specific
pattern of substituents, meso-substituted porphyrins have
recently received great attention. The most popular method
for the synthesis of meso-substituted porphyrins is by the
reaction of dipyrrolmethanes with adehydes.” These
compounds have been useful materials in many fields such
as energy transfer material (solar cell), biomedical, chemical
sensor, and photodynamic therapy.13
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Recently, the combination of porphyrins with another
large organic molecule has become an interesting route to
new materials.***® In this study, pyrazine-linked porphyrins
were synthesized and their characteristics were investigated.

Treatment of 1,4-dibromobutane-2,3-dione (1) and
diaminoma eonitrile (DAMN) in the presence of a catalytic
amount of p-toluenesulfonic acid in ethanol under reflux
condition afforded 2,3-bis(bromomethyl)-5,6-dicyanopyra-
zine (2). The reaction of compound 2 with two equivalents
of triphenylphosphine in toluene afforded 2,3-big(tri-
phenylphosphoniummethyl)-5,6-dicyanopyrazine dibromide
(3) at agood yield of 78%.° 4-Alkoxybenzaldehyde (4) was
synthesized by the reaction of 4-hydroxybenzaldehyde and
various akylbromides in the presence of excess potassium
carbonate in acetone at high yields of more than 90%.

Reaction of compound 3 with one equivdent of 4-
alkoxybenzaldehyde (4) in the presence of two equivalents
of sodium ethoxide gave the mono-styryl intermediate. The
excess of terephthalaldehyde (5) was added in the reaction
mixture to give 2,3-dicynopyrazine (6). The 'H NMR
spectrum of compound 6 indicated that ethylene protons
appeared as doublets at 7.43 ppm (J = 15.6 Hz) and 7.82
ppm (J = 15.3 Hz). According to the coupling constant,
compound 6 should exist in trans-configuration.

The compound 5,10,15,20-tetra] 5-{ 2-(4-alkoxyphenyl)-
ethenyl} -6-{ 2-phenyl-ethenyl} -2,3-dicyanopyrazino] -porphyrin
(7) was prepared by condensation reaction of pyrrole and
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Scheme 1. Reagents and conditions: (8) i) 1.0 equiv. 4-Alkoxybenzal dehyde (4)/2.0 equiv. EtONa, EtOH/DMF (13 : 10), 80 °C, 4 h ; ii) 2.0
equiv. Terephthala dehyde (5), 100 °C, 3 h; (b) i) 0.25 equiv. BFs, CHCl3, rt, 1 h; ii) 1.0 equiv. DDQ, rt, overnight.
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bis-styryl derivative (6) containing dicyanopyrazine at a
moderate yidd of 15-27%.

The porphyrazine ring can act both as an acid and a base.
Strong bases can remove the two protons on the inner
nitrogen atoms of a porphyrin to form a dianion. On the
other hand, the two free pyrrolic nitrogen atoms can be
protonated easily with acids.

When a trace amount of acid was added to the free base
porphyrazine solutions, typical protonation of the inner
nitrogen in the porphyrazine rings was observed in all cases.
The typical absorption change of porphyrazine with increas-
ing concentration of the acid is shown in Figure 1. As the
amount of p-toluenesulfonic acid (p-TSA) increased in
porphyrazine 7c solution, the characteristic Soret bands at
444 nm were shifted to 480 nm, while the Q band at 694 nm
was moved to 688 nm. Simultaneous isosbestic points indi-
cated the presence of an acid/base equilibrium process.
Porphyrazines (7¢) can undergo deprotonation reaction by
the addition of sodium ethoxide (Figure 2). The deprotonation
reaction leads to a decreased Q band at around 690 nm.

The effects of pH on porphyrazine spectral changes can
generaly be explained by partia charge transfer from the
nitrogen atom to the porphyrazine reelectron system under
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Figure 1. Spectral change of 7c in chloroform (2x 10° M) as
increasing of p-toluenesulfonic acid (TSA).
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Figure 2. Spectral change of 7c in chloroform (2 x 10° M) as
increasing of sodium ethoxide.
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the formation of stabilized cation, which can be represented
in different resonance structures. It is well known that
porphyrazines are likely to exist in solution as nonequival ent
tautomers (as indicated by the 227 electron delocalization
pathways highlighted in bold for the structures).

In summary, the pyrazine-linked porphyrins were synthe-
sized and their characteristic was investigated. The typical
absorption change of porphyrazine 7 with increasing concen-
tration of the acid was observed. Simultaneous isosbestic
points indicated the presence of an acid/base equilibrium
process.

Acknowledgements. This work was supported by a grant
No. RO01-2002-000-00117-0 from the Basic Research
Program of the Korea Science & Engineering Foundation.

References

1. Chen, H.; Shao, X. B.; Jiang, X. K.; Le, Z. T. Tetrahedron 2003,
59, 3505.

2. Anderson, H. L.; Anderson, S.; Sanders, J. K. M. J. Chem. Soc.
Perkin Trans. 1 1995, 2231.

3. Kuroda, Y.; kawashima, A.; Hayashi, Y.; Ogoshi, H. J. Am. Chem.
Soc. 1997, 119, 4929.

4. Purrdllo, R.; Gurrieri, S,; Lauceri, R. Coord. Chem. Rev. 1999,
683, 190.

5. Ogoshi, H.; Mizutani, T. Acc. Chem. Res. 1998, 31, 81.

6. Galardon, E.; Lukas, M.; Maux, P, L.; Simonneaux, G. Tetrahedron
Lett. 1999, 40, 2753.

7. Littler, B.; Ciringh, Y.; Lindsey, J. S. J. Org. Chem. 1999, 64, 2864.

8. Fungo, F; Otero, L. A.; Sereno, L.; Silber, J. J.; Durantini, E. N.
Dyes and Pigments 2001, 50, 163.

9. Zhang, J.; Wu, X.; Cao, X.; Yang, F.; Wang, J.; Zhou, X.; Zhang,
X. L. Bioorg. Med. Chem. Lett. 2003, 13, 1097.

10. Mohr, G. J.; Wolfbeis, O. S. Anal. Chim. Acta 1995, 316, 239.

11. Myles, A. J;; Branda, R. Adv. Funct. Mater. 2002, 12(3), 167.

12. Fukushima, K.; Tabata, K.; Okura, |. J. Porphyrins Phthalo-
cyanines 1998, 2, 219.

13. Milanesio, M. E.; Gervaldo, M.; Otero, L. A.; Sereno, L.; Silber, J.
J; Durantini, E. N. J. Phys. Org. Chem. 2002, 15, 844.

14. Tashiro, K.; Aida, T.; Zheng, J. Y.; Kinbara, K.; Saigo, K;
Sakamoto, S.; Yamaguchi, K. J. Am. Chem. Soc. 1999, 121, 7090.

15. Petritsch, K.; Friend, R. H.; Lux, A.; Rozenderg, G.; Moratti, S.
C.; Holmes, A. B. Synth. Met. 1999, 102, 1776.

16. Jaung, J. Y.; Matsuoka, M.; Fukunishi, K. Dyes and Pigments
1997, 34, 255.

17. Typica procedure to synthesize 5,10,15,20-tetra[5-{ 2-(4-amyl-
oxyphenyl)-ethenyl} -6-{ 2-phenyl-ethenyl} -2,3-di cyanopyrazino] -
porphyrin (7a); A solution of compound 6 and eguimolar amount
of pyrrole in chloroform was purged with nitrogen for 10 min,
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