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Peripheral substituents of di(pyridiumyl)porphyrins affected on their
interactions with DNA
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Abstract—meso- and b-Substituted di(pyridiumyl)porphyrins 3, 4, and 7 have been synthesized and their interactions with DNA
have been investigated. meso-Substituted porphyrins showed the stronger effect on DNA than that of b-substituted porphyrin.
Cytoxicity of compound 3 (IC50) to THP-1 tumor cell was up to 0.11 nM.
� 2004 Elsevier Ltd. All rights reserved.
Cationic porphyrins have received a great deal of
interests because of their DNA-binding properties.1 It is
known that some porphyrin derivatives are capable of
intercalating into DNA, and other porphyrins are in
external or groove binding modes.1 Different DNA
binding modes might count on the peripheral substitu-
ents of porphyrin.2 In order to further investigate
the structure relationship of meso- and b-substituted
porphyrin interactions with DNA, we synthesized three
di(pyridiumyl)porphyrins: 3 with weak electron with-
drawing phenyl group at meso position, 4 with electron
donating ethyl group at meso position and 7 with
eight electron donating ethyl and methyl groups at
b-positions. Herein, we shall report our preliminary
results.

Desired compounds have been synthesized according to
the procedure showed in Scheme 1. Porphyrins 13 and 2
were obtained from mixing aldehyde and pyrrole in the
yields of 3.4& and 9.5&, respectively. Methylations of
porphyrins 1 and 2 were finished by adding methyl
iodide to the co-solvent of DMF and CHCl3. Com-
pounds 31a and 4 were obtained in good yields of 88.3%
and 98%, respectively. Meanwhile, porphyrin 6 was
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obtained by mixing dipyrrolemethane 54 and 4-pyri-
dinecarboxaldehyde in a cosolvent of CH2Cl2 and
CH3OH (9:1) under N2 atmosphere in the presence of
trifluroacetic acid. Final methylation was carried out by
mixing methyl iodide with compound 6 and di(pyr-
idiumyl)-porphyrin 7 was obtained in a good yield of
95.3%. All the new compounds were fully characterized
by NMR, UV, and HRMS.5

It is known that DNA could be damaged by porphyrins
after photoactivation because of their ability of pro-
ducing singlet oxygen.6 Singlet oxygen could be detected
by the measurement of decomposition of 1,3-diphen-
ylisobenzofuran (DPBF) under irradiation for com-
pounds 3, 4, and 7. The slope of the plot of bleached
absorption versus illumination time is proportional to
the rate of production of singlet oxygen.7 Therefore, the
rate of singlet oxygen production for these porphyrins
was not significant difference (Fig. 1).

To our initial biological studies, we tested their inter-
actions between three compounds and CTDNA (calf
thymus DNA) by UV/vis.8 When the titration of por-
phyrins and CTDNA (shown in Fig. 2), we observed
that hypochromicities of compounds 3, 4, and 7 were
occurred by adding CTDNA. Apparently, porphyrins
3, 4, and 7 have the strong abilities to interact with
DNA.
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Figure 1. Decomposition of DPBF by compounds 3, 4, and 7. Por-

phyrins (1.0· 10�6 M) and DPBF (1.0 · 10�4 M) were irradiated in

solution (pH¼8.0, 3mM Tris–HCl, 0.3mM EDTA, 3% DMF).
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Scheme 1. Synthesis of di(pyridiumyl)porphyrins 3, 4, and 7. Reagents

and conditions: (a) Propionic acid, reflux, 1 h, 3.4& for 1, 9.5& for 2;

(b) CH3I, DMF/CH2Cl2, rt, overnight, 88.3% for 3, 98% for 4; (c)

CF3COOH, CH2Cl2/CH3OH, rt, Chloranil, 10.5% yield; (d) CH3I,

DMF/CHCl3, rt, overnight, 95.3% yield.
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Further study of DNA–porphyrin interactions was
carried out by gel electrophoresis. Photocleavage of
supercoiled pBR322 (0.15 lg) was finished with various
compounds in buffer (pH¼8.0, 3mM Tris–HCl, 0.3mM
EDTA, 3% DMF). Samples were exposed to a 50-W
high-pressure mercury lamp, which placed 15 cm away
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Figure 2. Titration of porphyrin 3, 4, and 7 by calf thymus DNA. [porphyrin

Tris–HCl, 0.3mM EDTA, 3% DMF); [B.P]¼0, 0.34, 0.68, 1.02, 2.04, 3.06l
at 25 �C for 20min. The results were analyzed by gel
electrophoresis (0.9% agarose gel, ethidium bromide
stain). Results of DNA cleavage for porphyrins were
illustrated in Figure 3.

No cleavage of DNA occurred without irradiation
whether in control experiments or in the presence of
porphyrins or DMF (see lanes 1, 3, 4, 5, 7, and 9). No
cleavage was observed when DNA was only in illumi-
nation (lane 2). Apparently, compound 3 possessed the
strongest ability to cleave DNA (lane 6), while com-
pound 7 (lane 10) was the poorest cleaving agent among
three compounds. As they had the closely singlet oxygen
production, they might have the near abilities to cleave
DNA. However, different cleavage abilities to DNA
have been found. We estimated that the difference of
DNA cleavage ability for porphyrins 3, 4, and 7 was
caused by their different interaction modes with DNA.
Probably, meso-substituted dipyridium porphyrins 3
and 4 had more favorable binding modes to DNA and
then cleaved it more efficiently than that of b-substituted
dipyridium porphyrin 7. Meanwhile, octa-b-substituents
(methyl and ethyl) on porphyrin might increase the
porphyrin’s hydrophobic environment and retard its
interaction with DNA efficiently.
und 4 Compound 7
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3]¼[porphyrin 4]¼[porphyrin 7]¼3.33lM in solution (pH¼8.0, 3mM

M from the upper to the lower curves in all porphyrin measurements.



Figure 3. Cleavage of supercoiled pBR322 DNA by porphyrins 3, 4,

and 7. Reaction mixtures (10lL) contained 0.15lg of plasmid DNA.

Lane 1: DNA alone; lane 2: DNAþ hm (20min); lane 3: DNAþ 3%

DMF; lane 4: DNAþ 3% DMFþ hm (20min); lane 5: DNAþ com-

pound 3 (6lM); lane 6: DNAþ compound 3 (6 lM)þ hm (20min); lane

7: DNAþ compound 4 (6 lM); lane 8: DNAþ compound 4

(6lM)þ hm (20min); lane 9: DNAþ compound 7 (6 lM); lane 10:

DNAþ compound 7 (6lM)þ hm (20min).
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Peripheral substituent effects of compounds 3, 4, and 7
were reflected by the result of cytotoxic ability to THP-1
tumor cells. A MTT assay was performed to determine
THP-1 cell viability.9 Cytotoxic data were expressed as
IC50 values (the concentration of the test agent inducing
50% reduction in cell numbers compared with control
cultures). The IC50 value of compound 3 was 0.11 nM,
compound 4 was 32 nM and compound 7 was 12 nM. It
suggested that structure relationship of porphyrins
could affect their interactions with DNA and finally lead
the difference for cytotoxicity to tumor cells. Further
peripheral substituent effects, for example, electronic
effects and steric effects, on porphyrins to DNA and
tumor cells are being investigated.
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